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PREFACE. 


This  book  is  intended  for  teachers  who  wish  to  emphasize  the  facts,  laws, 
theories,  and  applications  of  chemistry.  It  is  divided  into  two  parts.  Part  I 
contains  the  text,  together  with  exercises  and  problems.  Part  II  contains  the 
experiments.  The  text  has  been  selected  and  arranged  with  special  refer- 
ence to  the  needs  of  teachers  as  well  as  to  the  capacity  of  students.  The 
experiments  havie  been  prepared  to  meet  the  needs  of  those  schools  in  which 
the  laboratory  facilities  are  limited  or  the  time  for  chemistry  is  short. 

The  point  of  view  differs  from  thai  in  the  author^  **  Experimental  Chem- 
istry," but  the  spirit  is  the  same.  The  two  books  are  companion  volumes, 
though  of  course  they  can  be  used  independently.  The  cordial  reception 
given  the  "  Experimental  Chemistry "  shows  that  many  teachers  are  empha- 
sizing the  experimental  side  of  chemistry.  These  teachers  will  find  Part  I 
of  the  "Descriptive  Chemistry"  a  serviceable  companion  book  both  in  the 
laboratory  and  class  room.  It  has  been  bound  as  a  separate  volume  to  meet 
such  a  use. 

Solutions  of  problems,  answers  to  some  of  the  exercises,  and  references  to 
the  literature  have  been  put  in  a  separate  Teacher's  Handbook, 

The  manuscript  has  been  read  by  Dr.  William  B.  Schober,  Lehigh  Uni- 
versity, Bethlehem,  Pennsylvania;  Mr.  Franklin  T  Kurt,  Chauncey  Hall 
School,  Boston,  Massachusetts;  and  Mr.  George  M.  Turner,  Masten  Park 
High  School,  Buffalo,  New  York.  The  chapters  on  theory  were  also  read  by 
Dr.  Alexander  Smith  of  the  University  of  Chicago,  and  the  chapters  on 
carbon  by  Dr.  James  F.  Norris  of  the  Massachusetts  Institute  of  Technology. 
The  proof  has  been  read  by  Dr.  E.  H.  Kraus,  High  School,  Syracuse,  New 
York;  Professor  E.  S.  Babcock,  Alfred  University,  Alfred,  New  York;  and  Mr. 
E.  R.  Whitney,  High  School,  Binghamton,  New  York.  The  author  is  grateful 
to  these  teachers  for  their  criticism,  but  he  assumes  all  responsibility  for  any 
errors  which  may  be  detected. 

L.  C.  N. 

Lowell,  Mass^ 
May,  X993, 
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DESCRIPTIVE  CHEMISTRY. 


CHAPTER   I. 

INTRODUCTION. 

Chemistry  is  a  branch  of  natural  science.  It  deals 
with  the  properties  of  matter,  the  changes  which  affect 
the  composition  of  matter,  with  numerous  laws  and 
theories,  and  with  the  manufacture  of  a  vast  number  of 
different  substances  indispensable  to  the  welfare  of  man- 
kind. 

Properties  of  Matter.  —  Different  substances  are  recog- 
nized and  distinguished  by  their  properties.  Color,  odor, 
taste,  weight,  and  solubility  are  familiar  properties ;  but  to 
these  must  be  added  behavior  with  heat,  light,  and  electric- 
ity, and  especially  the  action  of  different  kinds  of  matter 
upon  each  other. 

Physical  and  Chemical  Changes.  —  Observation  shows 
that  the  properties  of  matter  can  be  changed.  Sometimes 
the  change  is  only  temporary,  as  in  the  freezing  of  water, 
or  in  the  melting  of  iron.  Such  changes  are  called  physi- 
cal changes.  But  often  the  change  is  permanent,  as  in 
the  burning  of  coal,  or  the  digestion  of  food.  Such 
changes  are  called  chemical  changes.  In  physical 
changes  the  original  properties  reappear  after  the  cause 
of  the  change  has  been  removed.     But  chemical  changes 
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aCFect  the  essential  nature  of  a  substance.  They  are 
fundamental.  Removal  of  the  cause  of  a  chemical  change 
does  not  restore  the  original  properties  of  the  substance. 
Thus,  coal  is  readily  changed  into  ashes  and  inWsible 
gases,  but  the  ashes  and  gases  do  not  reunite  into  coal 
after  the  heat  has  been  removed.  Another  essential  char- 
acteristic of  chemical  changes  is  the  formation  of  one  or 
more  kinds  of  matter  dififerent  from  the  original  substance. 
Thus,  water  may  be  decomposed  by  electricity  into  two 
gases — hydrogen  and  oxygen.  This  is  a  chemical  change, 
because  ( i )  the  water  has  disappeared,  its  identit}-  is  lost, 
it  has  been  permanently  changed,  and  {2 )  other  kinds  of 
matter  have  been  formed,  which  are  totally  unlike  w^ter. 
Chemistry  is  largely  a  study  of  chemical  changes. 

The  different  changes  which  matter  undergoes  furnish 
a  convenient  basis  for  the  classitication  of  properties. 
Thus,  we  call  physical  properties  those  which  accompany 
physical  changes:  while  chemical  properties  require  a 
chemical  change  for  their  manifestation.  Thus,  the  color, 
luster,  specific  gra\*ity,  melting  point,  and  capacity  to  con- 
duct electricity  are  physical  properties  of  copper:  but  it 
displays  chemical  properties  when  it  is  heated,  or  when 
acted  upon  by  acids,  sulphur,  and  other  substances. 

E-xamoIes  of  5:  ti  pie  physiai!  c'^J'^^'es  irf  V'«e  •':r~^a:!i.'^n  of  icr?  or  it  earn 
from  water,  the  electnncition  of  i  c-.^?:[:er  tr-i'c y  -vire.  I'le  '?r'x:'jctii?[i  i.-^f 
colors  ia  :he  sky.  :he  :::a:jr.e!::j:i::t:r:  of  :r??n  :::  .1  -iy-Mnio  or  "!:a:^'ier.  and 
the  meltfn:;  of  iron  n  a  foi:ncr-.  FamL^ir  :h-:?:Ti;.:-.i!  o!M-;,:;'is  .irre  the 
mstinij  of  iron,  the  ^ov^  of  yia-rrs.  the  'mrniTiii:  :f  oi*  :::  a  Ian  p.  the 
decay  of  rr^it.  anc  the  >our-:^  ct  -vMk. 

Cher::ical  :>.ar.^es  are  outer  C'.^rr-rlex  In  *^'..ir.y  in- 
stances :hev  ar-e  caused  by  '^ea:,  ar.:  •-:s::a"v  the-.-  -i-rxkice 
heat.  In  .ceneral.  the  velocity  of  ohertiic.r.  :'^-."^:  in.- 
creases  with  rise  of  tempera:ure.     Lij^h:  irouces  :'/  :::::cal 
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changes,  as  in  growing  plants  and  on  photographic  plates. 
Electricity  is  involved  in  many  chemical  changes,  a  vast 
industry  having  recently  grown  up  in  this  field.  Contact 
is  necessary  for  chemical  change,  and  many  substances 
must  be  pressed  together,  intimately  mixed,  or  dissolved 
before  they  will  interact 

Physical  and  chemical  changes  are  closely  related. 
They  usually  accompany  each  other,  and  are  often  insep- 
arable. If  the  essential  change  in  a  substance  or  sub- 
stances is  chemical,  then  the  substances  are  said  to 
undergo  chemical  action.  Very  often  the  chemical  action 
involves  several  substances.  The  substances  are  then  said 
to  interact  or  react,  and  the  series  of  changes  is  called  a 
reaction.  Thus,  when  zinc  is  added  to  nitric  acid,  the 
chemical  action  which  occurs  is  manifested  by  the  forma- 
tion of  a  brown  gas  and  the  disappearance  of  the  zinc. 
The  zinc  and  acid  interact,  and  the  chemical  changes  can 
be  classified  as  due  to  the  reaction  between  zinc  and  nitric 
acid. 

Classes  of  Chemical  Action.  —  There  are  four  general 
kinds  of  chemical  action,  (i)  Analysis  or  decomposition 
is  the  separation  of  matter  into  its  components.  Thus, 
heat  decomposes  wood,  and  the  juices  of  our  bodies  de- 
compose food.  (2)  Synthesis  or  combination  is  the  union 
of  different  kinds,  or  sometimes  the  same  kind,  of  matter. 
For  example,  the  gases,  hydrogen  and  oxygen,  may  be 
made  to  unite  and  form  water  by  passing  an  electric  spark 
through  them.  (3)  Substitution  is  the  replacement  of 
one  kind  of  matter  by  another.  When  zinc  is  added  to 
hydrochloric  acid,  the  hydrogen  leaves  the  acid,  and  zinc 
takes  its  place.  (4)  Sometimes  parts  of  different  sub- 
stances exchange  places;  this  kind  of  change  is  called 
metathesis  or  double  decomposition.     If  silver  nitrate  is 


4  Descriptive  Chemistry. 

added  to  hydrochloric  acid,  the  silver  and  hydrogen  ex- 
change places,  forming  silver  chloride  and  nitric  acid. 
These  four  kinds  of  chemical  changes  will  be  fully  illus- 
trated and  studied  in  the  succeeding  pages. 

Chemical  Energy.  —  We  learn  in  physics  that  heat, 
light,  and  electricity  are  different  forms  of  energy.  They 
produce  special  changes.  It  is  also  possible  to  transform 
the  different  kinds  of  energy  into  each  other.  Thus,  elec- 
tricity is  generated  from  the  heat  liberated  by  burning 
coal,  and  electricity  in  turn  may  be  transformed  into  light. 
In  chemistry  w.e  study  another  kind  of  energy,  called 
chemical  energy,  chemical  attraction,  or  chemism.  This 
is  the  immediate  agent  involved  in  chemical  change.  Com- 
bination and  decomposition  are  due  to  its  operation. 
Chemical  energy  may  be  transformed  into  light,  electricity, 
and  heat,  and  vice  versa.  Appreciable  heat  often  accom- 
panies chemical  changes,  and  we  shall  have  many  illustra- 
tions of  the  intimate  relation  between  heat  and  chemical 
energy.  Electricity  is  produced  in  an  electric  battery  by 
chemical  action.  Light  is  one  result  of  the  chemical 
action  called  combustion  or  burning.  In  fact,  every  chemi- 
cal change  is  accompanied  by  an  energy  change  of  some 
kind,  and  in  such  transformations  all  the  energy  can  be 
accounted  for,  none  is  lost  or  gained. 

Chemical  energy  is  an  essential  factor  in  all  chemical 
changes,  but  we  know  little  or  nothing  of  its  nature.  We 
can  only  study  its  results  and  its  manner  of  action. 

Conseryation  of  Matter.  —  In  chemical  changes  matter 
is  not  created  or  destroyed.  It  is  often  transformed,  and 
apparently  lost,  but  the  total  weight  of  the  substances  par- 
ticipating in  any  chemical  change  is  always  the  same. 
The   fact  that  matter  is  indestructible  was   first  demon- 
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strated  by  the  French  chemist,  Lavoisier  (i  743-1 794),  and 
countless  observers  have  since  shown  that  it  is  a  funda- 
mental law  of  chemistry.  The  law  is  called  the  Law  of 
the  Conservation  of  Matter,  and  is  often  stated  thus :  — 

No  weight  is  lost  or  gained  in  a  chemical  change. 

Chemical  Elements.  —  Study  of  the  constitution  of 
matter  shows  that  some  kinds  can  be  decomposed  into 
substances  totally  unlike  the  original  matter.  Water,  for 
example,  is  easily  decomposed  into  the  gases,  hydrogen 
and  oxygen,  which  are  entirely  different  from  water.  But 
it  is  impossible  by  any  known  process  to  obtain  from 
some  kinds  of  matter  substances  which  have  simpler  prop- 
erties than  the  original  substance.  Thus,  neither  oxygen 
nor  hydrogen  can  be  decomposed  by  any  known  means. 
Iron  and  the  familiar  metals  likewise  cannot  be  divided 
chemically  into  two  or  more  substances,  nor  can  they  be 
transformed  into  each  other.  They  are  fundamental  sub- 
stances. We  can  add  other  substances  to  them,  but  we 
cannot  get  simpler  substances  from  them,  nor  can  we 
transform  them  into  simpler  substances.  Iron  contains 
nothing  but  iron.  The  substances  which  have  such  simple 
properties  and  at  present  defy  decomposition  and  trans- 
formation are  called  the  chemical  elements. 

It  would  follow  from  this  traditional  definition  that  the  elements  are 
the  primary  forms  of  matter,  so  to  speak,  and  are  chiefly  characterized 
by  stability.  This  is  true  of  most  elements,  as  far  as  we  know.  But 
our  inability  to  decompose  elements  does  not  necessarily  mean  that  they 
are  immutable  under  all  conditions.  Indeed,  their  instability  is  shown 
by  the  spontaneous  decomposition  of  certain  elements  (see  Radio- 
activity). 

Each  element  is  designated  by  a  symbol,  which  is  an  ab- 
breviation of  its  name.    The  following  is  an  alphabetical  -^ 


Descriptive  Chemistry. 


Table  of  the  Important  Elements. 


Namb. 

Symbol. 

Name. 

Symbol. 

'  Aluminium    .     .     .     . 

Al 

"Lead 

Pb 

Antimony 

Sb 

Lithium  .     . 

Li 

Arsenic     .     . 

As 

Magnesium  . 

Mg. 

Barium      «     . 

Ba 

Manganese  . 

Mn 

Bismuth    .     . 

Bi 

Mercury  .     . 

Hg 

/  Boron  .     .     , 

B 

Nickel     .     . 

Ni 

Bromine    .     . 

Br 

Nitrogen 

N^ 

Cadmium  .     . 

Cd 

Oxygen    .     . 

• 

O 

Calcium     .     . 

Ca 

Phosphorus 

P 

^Carbon      .     . 

C 

Platinum 

Pt 

Chlorine    .     , 

CI 

-Potassium    . 

K 

Chromium 

Cr 

Silicon     . 

Si 

Cobalt  .     . 

Co 

Silver      . 

Ag 

Copper 

Cu 

Sodium   . 

Na 

Fluorine    . 

F 

Strontium 

Sr 

Gold     .     . 

Au 

Sulphur  . 

S 

Hydrogen 

H 

Tin     .     . 

Sn 

Iodine  .     . 

I 

Zinc    .     . 

Zn 

Iron     .     . 

Fe 

Of  the  above  elements  only  eight  are  abundant  in  the 
earth's  crust,  as  may  be  seen  by  a  — 

Table  of  the  Approximate  Composition  of  the  Earth's  Crust 

(by  Weight). 


Oxygen 
Silicon 
Aluminium 
Iron    . 
Calcium 
Magnesium 
Potassium  . 
Sodium 


Element. 


Total 


Per  Cent. 


4707 

28.06 

7.90 

4.43 

3-44 
2.40 

2.45 

2.43 
98.18 
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The  atmosphere  contains  about  20  per  cent  of  oxygen 
and  79  per  cent  of  nitrogen  in  the  free  state.  The  ocean 
contains  about  S6  per  cent  of  oxygen,  1 1  per  cent  of  hydro- 
gen, and  2  per  cent  of  chlorine  in  combined  states.  It  is 
clear  that  the  globe,  as  we  know  it,  is  made  up  of  a  very 
few  elements. 

]^^ahy  of  the  familiar  metals  are  elements^  e.g:  lead,  zinc, 
tin,  copper,  iron,  gold,  and  silver.  Other  elements  besides 
the  metals  are  solids,  such  as  sulphur,  carbon,  and  phos- 
phorus ;  two  are  liquid,  viz.  bromine  and  mercury ;  while 
several  are  the  common  gases,  oxygen,  nitrogen,  and  hydro- 
gen. Many  are  important  simply  because  they  are  com- 
bined with  other  elements,  especially  silicon,  which  is 
found  in  most  rocks,  and  calcium,  which  is  a  component 
of  Umestone. 

The  following  is  a  — 

Table  of  the  Uncommon  Elements. 


Name. 


Argon  ;     . 
Beryllium .     . 
Caesium     . 
Cerium 
Erbium 
Gallium     . 
Germanium 
Glucinum  . 
Helium 
Indium 
Iridium 
Krypton    .     . 
Lanthanum    , 
Molybdenum 
Neodymium  , 
Neon    .     .     . 
Niobium   .     . 
Osmium    • 
Palladium . 


Symbol. 


A 

Be 

Cs 

Ce 

Er 

Ga 

Ge 

Gl 

He 

In 

Ir 

Kr 

La 

Mo 

Nd 

Ne 

Nb 

Os 

Pd 


Name. 


Prasedymium  . 

Rhodium    .  . 

Rubidium  .  . 
Ruthenium 

Samarium  .  . 

Scandium  .  . 

Selenium    .  . 

Tantalum  .  . 

Tellurium  .  . 

Thallium    .  . 

Thorium     .  . 

Titanium    .  . 

Tungsten    .  . 

Uranium     .  . 

Vanadium  .  . 

Xenon   .     .  . 

Ytterbium  .  . 

Yttrium      .  . 

Zirconium  .  . 


Symbol. 


Pr 

Rh 

Rb 

Ru 

Sm 

So 

Se 

Ta 

Te 

Tl 

Th 

Ti 

W 

U 

V 

Xe 

Yb 

Yt 

Zr 
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Chemical  Symbols  are  usually  the  first  letter  of  the 
name  of  the  element.  Thus,  O  is  the  symbol  of  oxygen, 
H  of  hydrogen,  N  of  nitrogen.  Since  several  elements 
have  the  same  initial  letter,  the  symbol  of  some  elements 
contains  two  letters.  Thus,  C  represents  carbon,  while 
the  symbol  of  calcium  is  Ca,  of  chlorine  CI,  of  chromium 
Cr,  and  of  copper  Cu.  The  symbols  of  several  elements, 
especially  the  metals  so  long  known,  are  derived  from 
their  Latin  names,  as  may  be  seen  from  a  — 

Table  of  Latin  Symbols. 


El.RMENT. 

Latin  Name. 

Symbol. 

Sb 

Element. 

Latin  Name. 

Symbol. 

Antimony 

Stibium 

Mercury 

Hydrargyrum 

Hg 

Copper 

Cuprum 

Cu 

Potassium 

Kalium 

K 

Gold 

Aurum 

Au 

Silver 

Argentum 

Ag 

Iron 

Perrum 

Fe 

Sodium 

Natrium 

Na 

Lead 

Plumbum 

Pb 

Tin 

Stannum 

Sn 

Symbols  always  begin  with  a  capital,  and  are  not  followed  by  a 
period.  They  should  be  learned  by  actual  use.  Their  significanoe 
will  be  explained  in  later  chapters. 

Chemical  Compounds.  —  When  elements  unite  with 
each  other  the  product  of  the  union  is  a  chemical  com* 
pound.  The  elements  which  make  up  a  chemical  com- 
pound are  called  components.  Chemical  compounds  have 
three  essential  characteristics,  (i)  Their  components  are 
held  together  by  chemical  attraction.  The  hydrogen  and 
oxygen,  which  are  the  components  of  water,  cannot  be 
separated  unless  their  attraction  for  each  other  is  over- 
come by  heat,  electricity,  or  some  other  agent.  (2)  In  any 
given  chemical  compound  the  components  are  always  in 
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the  same  ratio.  Thus,  pure  common  salt,  however  pre- 
pared or  wherever  found,  always  contains  39.32  per  cent 
of  sodium  and  60.68  per  cent  of  chlorine.  So  also  water 
always  contains  eight  parts  (by  weight)  of  oxygen  and  one 
of  hydrogen.  Facts  similar  to  these  might  be  given  cover- 
ing all  cases  examined.  Such  facts  illustrate  the  general 
principle  that  chemical  action  proceeds  according  to  laws. 
(3)  In  chemical  compounds  the  identity  of  the  components 
is  lost.  Thus,  the  red  metal,  copper,  the  yellow  solid, 
sulphur,  and  the  invisible  gas,  oxygen,  are  the  components 
of  the  blue  solid,  copper  sulphate. 

Chemical  compounds  must  not  be  confused  with  mixtures.  The 
parts  of  a  mixture  may  vary  in  nature  and  in  proportion ;  they  are  also 
held  together  loosely,  and  may  often  be  separated  by  some  mechanical 
operation,  as  filtering  or  sifting.  A  mixture,  too,  often  has  properties 
similar  to  its  parts. 

EXERCISES.! 

1.  State  three  properties  of  {a)  glass,  [b)  wood,  (c)  water,  (^)  paper, 
{e)  air. 

2.  Give  three  illustrations  of  {a)  physical  changes  and  {b)  chdmical 
changes  occurring  in  everyday  life. 

3.  Are  the  following  changes  physical  or  chemical?  {a)  Burning 
of  wood,  (^)  melting  of  butter,  {c)  freezing  an  ice-cream  mixture,  {d) 
weathering  (i.e.  decay)  of  granite,  {e)  tarnishing  of  brass  and  other 
metals,  (/")  formation  of  snow,  (g)  developing  a  photographic  plate,  (Ji) 
seasoning  of  wood,  (i)  formation  of  dew,  (/)  disappearance  of  a  fog. . 

4.  What  aids  and  what  retards  chemical  change  ?  What  often  ac- 
companies it? 

5.  What  physical  change  accompanies  {a)  the  burning  of  coal,  (U) 
the  action  of  an  electric  battery,  {c)  the  burning  of  a  match  ? 

6.  Give  an  illustration  of  the  transformation  of  chemical  energy  into 
heat,  light,  or  electricity. 

7.  State  the  law  of  the  conservation  of  matter. 

1  These  exercises  are  intended  for  review  work. 
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8.  (a)  Name  five  elements  with  which  you  are  familiar.     (^)  Name 
the  eighi  most  abundant  elements  in  the  earth^s  crust  in  their  order. 

9.  .What  common  metals  are  elements? 

10.  How  do  elements  and  compounds  essentially  differ?  Could  you 
prepare  (a)  a  compound  from  elements^  (^)  elements  from  a  compound, 
and  (c)  elements  from  elements? 

11.  Define  (a)  chemistry,  (d)  physical  change,  (c)  chemical  change, 
(d)  chemical  action,  (^)  analysis,  (/)  synthesis,  (g)  metathesis,  (A)  sub- 
stitution, (/)  element,  (j)  compound,  (k)  mixture,  (/)  symbol. 

12.  Review  or  learn  the  metric  system  (see  Appendix,  §1). 

PROBLEMS. 

Perform  the  problems  in  the  Appendix,  §  i. 


CHAPTER    11. 
OXYGEN. 

Oxygen  has  played  an  important  part  in  the  develop- 
ment of  chemistry,  and  is  an  appropriate  element  with 
which  to  begin  a  systematic  study  of  this  science. 

Occurrence.  —  Oxygen  is  the  most  abundant  and  widely 
distributed  of  the  elements.  Mixed  with  nitrogen  and  a 
few  other  gases,  it  forms  one  fifth  (by  volume)  of  the 
atmosphere.  Combined  with  hydrogen,  it  constitutes 
eight  ninths  (by  weight)  of  water;  combined  with  silicon 
and  certain  metals,  it  makes  up  nearly  half  of  the  earth's 
crust;  while  compounds  of  oxygen,  carbon,  and  hydrogen 
form  a  large  part  of  animal  and  vegetable  matter.  Starch, 
for  example,  which  is  a  constituent  of  all  plants,  contains 
about  50  per  cent  oxygen. 

Preparation.  —  Oxygen  maybe  prepared  from  its  com- 
pounds or  from  air.  It  was  first  prepared  by  decomposing 
a  red  compound  of  oxygen  and  mercury.  When  heated 
in  a  hard  glass  tube,  this  compound  decomposes  into 
oxygen  and  mercury ;  the  oxygen  is  collected  over  water 
in  a  pneumatic  trough,  and  the  mercury  condenses  as 
*  globules  or  a  film  on  the  upper  part  of  the  tube.  This 
experiment  is  historically  interesting,  because  it  was  first 
performed  by  Priestley,  the  discoverer  of  oxygen. 

The  gas  is  often  prepared  by  decomposing  potassium 
chlorate — a  compound  of  oxygen,  chlorine,  and  potassium. 
Heated  to  a  rather  high  temperature,  the  potassium  chlo- 

II 
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rate  passes  through  a  series  of  changes;  as  a  final  result^ 
the  oxygen  is  set  free,  and  potassium  chloride,  a  white 
solid,  remains  behind. 

Oxygen  is  most  conveniently  prepared  by  heating  a 
mixture  of  potassium  chlorate  and  manganese  dioxide  in  a 
glass  or  metal  vessel.  The  gas  is  liberated  freely  from 
this  mixture  at  a  lower  temperature  than  when  either 
compound  is  heated  alone. 

The  manganese  dioxide  may  be  recovered  unclianged  at  the  dose  of 
the  experiment.  It  takes  some  part  in  the  chemical  changes,  but  just 
what  is  not  definitely  known.  It  has  been  suggested  that  the  manganese 
dioxide  combines  at  first  with  oxygen,  thereby  forming  another  com- 
pound of  manganese  richer  in  oxygen  than  the  dioxide,  but  so  unstable 
that  when  heated  it  yields  oxygen  and  manganese  dioxide. 

Large  quantities  of  oxygen  may  be  prepared  by  heating  a.  mixture  of 
potassium  chlorate  and  manganese  dioxide  in  a  copper  or  iron  retort. 
Other  commercial  processes  are  used-  In  Brin's  process,  which  is  oper- 
ated largely  in  England,  purified  air  is  forced  by  a  pump  over  barimn 
oxide  heated  to  700'  C.,'  thereby  forming  barium  dioxide.  The  air  sujv 
ply  is  then  cut  otT.  and  the  pressure  in  the  retorts  reduced  by  reversing 
the  pump.  This  operation  changes  the  barium  dioxide  into  barium  oxide 
and  oxj'gen.  The  gas  is  drawn  off  into  a  reservoir.  The  process  i» 
then  repeated,  A  kilogram  of  barium  oxide  yields  about  tea  liters  of 
oxygen  at  a  single  operation.^ 

Oxygen  can  be  prepared  from  liquid  air  (see  Liquid  Air).     By  evapo- 
ration at  the  ordinary  temperature  and  pressure,  the  nitrogen  escapes  , 
from  the  liquid  air  more  rapidly  than  the  oxygen,  leaving  finally  a  liquid  ^ 
which  is  nearly  pure  oxygen.    Unlimited  quantities  of  oxygen  may  thus 
be  cheaply  prepared  from  the  air. 

Properties.  —  Oxygen  gas  has  no  color,  odor,  or  taste. 
It  is  slightly  heavier  than  air.     It  is  somewhat  soluble  in 

1  C.  is  Ihe  abbrevlalion  at  "  conligtade,"  which  is  Ihe  natni;  of  Ihe  Ihermom 
used  in  science.    According  10  this  ihermometer  water  boiia  ai  100"  and  freeies  at 
0»  {see  AppendiK,  j  a). 

*  "  Kilogram  "  and  "  liter  "  are  denominoiions  of  the  Meirii:  System  of  Weights 
juid  Measures.    This  system  should  be  learned  or  reviewed  (see  Appendix,  J  1). 
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water,  but  the  presence  of  even  a  small  proportion  in 
water  is  exceedingly  important.  Fish  die  in  water  con- 
taining no  oxygen;  and  the  oxygen  absorbed  by  flowing 
water  helps  keep  it  free  from  organic  matter.  (See  Decay, 
below.) 

The  density  of  oxygen  gas  is  1.105  (air  =1).  One  hundred  liters 
of  water  dissolve  only  about  three  liters  of  oxygen  under  ordinary 
conditions. 

The  chemical  activity  of  oxygen  is  its  most  striking 
property.  It  combines  with  all  the  other  elements  except 
fluorine,  bromine,  and  the  inert  gases  recently  discovered 
in  the  atmosphere.  With  most  of  them  the  union  is 
direct,  and  is  often  accompanied  by  light  and  heat, 
though  the  temperature  at  which  combination  occurs 
varies  between  wide  limits.  At  the  ordinary  temperature 
it  unites  with  phosphorus,  as  may  be  seen  by  the  glow  and 
fumes  when  the  end  of  a  match  is  rubbed,  especially  in  a 
dark  room.  Metals,  such  as  iron,  lead,  zinc,  and  copper, 
tarnish  or  rust  easily,  t,e,  they  combine  with  the  oxygen 
of  the  air.  The  chemical  activity  of  oxygen  at  high  tem- 
peratures is  readily  shown  by  putting  burning  substances 
into  it.     All  burn  vividly  in  oxygen. 

When  a  glowing  stick  of  wood  is  put  into  oxygen,  the  stick  instantly 
bursts  into  a  flame ;  and  if  left  in  the  oxygen,  the  wood  continues  to 
bum  brightly  until  the  gas  is  exhausted.  If  glowing  charcoal  is  put 
into  oxygen,  the  charcoal  burns  violently,  and  throws  off  showers  of 
sparks.  Sulphur  burns  in  air  with  a  small,  blue  flame,  but  in  oxygen 
the  flame  is  much  larger  and  brighter.  The  flame  in  both  cases  is 
accompanied  by  fumes  which  smell  like  a  burning  sulphur  match.  Iron 
wire  does  not  bum  in  air,  but  if  the  end  is  coated  with  burning  sulphur 
and  then  put  into  oxygen,  the  wire  burns  vividly,  throwing  off  a  shower 
of  sparks ;  when  the  flame  has  disappeared,  a  globule  of  red-hot  iron  is 
often  seen  on  the  end  of  the  wire ;  and  sometimes  the  inside  of  the 
bottle  is  coated  with  a  reddish  powder,  which  is  mainly  a  compound 
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of  iron  and  ox}^en.  Iron  and  oxygen  combine  at  a  higher  tempera- 
ture than  do  sulphur  and  oxygen,  so  sulphur  is  used  to  set  fire  to  the 
iron.  On  the  other  hand,  if  lighted  niagnesiun:  is  put  into  oxygen,  the 
burning  metal  instantly  becomes  surrounded  ^^ith  a  dazzling  flame,  and 
bums  raq>idly  to  a  white  powder,  thus  showing  that  the  temperature  at 
which  it  combines  with  oxygen  is  much  lower  than  that  required  by  iron. 

Oxidation.  —  When  sulphur,  iron,  magnesium,  and  car- 
bon (in  wood  and  charcoal  I  and  other  eiemenis  bum  in 
oxj'gen,  they  combine  with  it.  This  chemical  change  is 
called  oxidation. 

The  fact  that  oxidation  is  merely  .1  coTr.b*.n:n^  with  oxygen  may  be 
easDy  verined.  It  has  bet-n  ripo.uealy  s'now n  ihat  oxygen  is  one  con- 
stituent of  all  the  products  f.^rmed  by  :x:rri ing  sabstances  in  that  gas. 
Thus,  carbon  fonns  .m  invisiMe  gas  callrc  carbon  cioxide,  which  is  a 
compound  of  carbon  and  oxygen.  Similany.  suly-hur.  iron,  and  magne- 
sium form  compounds  of  these  elements  and  oxygen.  These  &cts  may 
be  further  verined  by  a  simple  exptriment.  If  mercur}-  is  heated,  it 
gains  in  weight,  and  red  jxinicles  collect  on  its  surface ;  but  if  it  is  pro- 
tected from  the  air  by  some  coating  and  then  heated,  there  is  no  gain 
in  weight  and  no  evidence  of  the  red  product.  Therefore,  when  the 
exposed  mercury  is  heated,  somethi:ig  from  the  air  must  be  added  to  it. 
Now,  if  the  red  substance  is  collected  and  heated  in  a  glass  tube,  mercury 
and  oxygen  are  the  only  products.  Hence,  the  exposed  mercury,  when 
heated,  must  have  combinevi  with  the  oxygen  of  the  air. 

Oxidation  is  not  always  rapid  enoui:;h  to  produce  light 
and  appreciable  heat.  Iron  and  other  metals  rust,  and 
wood  decavs  slowlv,  but  both  processes  are  mainlv  oxida- 
tion.  Sometimes  oxidation  develops  considerable  heat 
Thus,  oily  rai::s,  piles  of  hay,  and  heaps  of  coal  often  take 
fire  unexpectedly  because  of  the  continued  oxidation.  Such 
oxidation  is  often  called  s]\^nraneous  combustion. 

Substances  which  i;ive  up  o\yc:cn  readilv  are  called 
oxidizing  agents,  rolassium  chlorate  is  used  in  fireworks 
for  this  purpose,  and  potassium  nitrate  acts  similarly  in 
gunpowder.     In  the  process  of  oxidation,  oxidizing  agents 


lose  oxygen,  and  are  said  to  undergo  reduction —  a  process 
which  will  he  more  fully  described  in  the  next  chapter. 

Oxides  are  formed  when  oxygen  combines  with  other 
elements.  There  are  many  oxides,  and  their  names  express 
in  a  general  way  their  composition.  Oxides  of  different 
elements  are  distinguished  by  placing  the  name  of  the  ele- 
ment (or  a  slight  modification  of  it)  bfefore  the  word  oxide, 
e.g.  magnesium  oxide,  lead  oxide,  zinc  oxide.  Sometimes 
di-,  or  a  similar  numerical  syllable,  is  prefixed  to  the  word 
oxide,  e.g.  carbon  dioxide,  manganese  dioxide,  sulphur 
trioxide,  phosphorus  pentoxide.  The  significance  of  the 
prefix  is  explained  in  Chapter  VII. 

Combustion,  in  a  narrow  sense,  is  rapid  oxidation,  which 
is  always  accompanied  by  light  and  heat.  Popularly,  com- 
bustion means  fire  or  burning,  and  substances  which  burn 
easily  are  called  combustible.  Oxygen  is  essential  to  ordi- 
nary combustion,  and  is  often  called  a  supporter  of  com- 
bustion. Exclude  air  from  a  fire,  and  the  fire  goes  out 
When  coat  or  wood  burns,  the  carbon  (of  which  they 
largely  consist)  unites  with  the  oxygen  of  the  air,  forming 
thereby  the  invisible  gas  carbon  dioxide,  and  the  chemical 
change  is  manifested  by  heat  and  light.  Chemically  speak- 
ing, a  substance  burning  in  the  air  is  uniting  rapidly  with 
o.vygen.  But  since  the  air  is  about  one  fifth  oxygen  and 
four  fifths  nitrogen,  — a  gas  which  does  not  support  com- 
bustion,—  it  follows  that  combustion  is  more  vigorous  in 
oxygen  than  in  air. 

The  correct  explanation  of  fire,  burning,  and  combustion  was  first 
made  hy  Lavoisier  (1743-1794).  For  many  years  chemists  had  be- 
lieved that  all  combustible  substances  contained  a  principle  called 
phlogiston,  and  that  when  a  substance  burned,  phlogiston  escaped. 
Very  combustible  substances  were  thought  to  contain  much  phlogiston, 
and  incombustible  substances  no  phlogiston.     This  theory  of  combus- 
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tion  was  proposed  by  Becher  ( 163 5- 1682)  and  advanced  by  Stah 
^1660-1 734  V  Many  famous  chemists —  Priestley,  Scheele,  and  Caven- 
dish—  supiHMted  it.  Lavoisier,  in  1775,  proved  by  his  own  and  others' 
experiments,  that  phlogiston  did  not  exist,  and  that  combustion  is  a 
process  of  a>mbi nation  with  "  a  certain  substance  contained  in  the  air." 
Soon  atter  he  identiried  this  substance  as  oxygen.  The  theory  of 
phlogiston,  in  spite  of  its  falsity,  exerted  a  wholesome  influence  on  the 
development  of  chemistry. 

Combustion,  in  a  broad  sense,  is  not  necessarily  oxida- 
tion, but  chemical  action  which  develops  enough  energy 
to  produce  light  and  heat  This  broader  meaning  will  be 
discusscvi  later. 

Relation  of  Oxygen  to  life.  —  Oxygen  is  essential  to  all 
to:  r.^s  of  ;r.vi:r.a".  and  p'ant  'iie.  It  an  ar.imal  or  a  plant  is 
do:^:ivod  ot  air.  it  dies.     Rv  resrirarlon  air  is  drawn  into 

ft  •  ft 

the  "v.r.cs  and  there  it  cvos  ;:p  :\irt  of  ::<  oxAi^en  to  the 
hikXx^..  This  oxygen,  which  is  disn^ibuted  to  ail  parts  of 
the  body  by  the  blovX^..  oxidises  the  tissues  of  the  body. 
As  a  ros;;*t  of  this  oxidation  hoat  is  supplied  to  the  body 
and  waste  j^:\x'.;:cts  are  formed.  One  of  these  waste  prod- 
ucts is  carbon  dioxide  g,*s.  which  with  other  gases  is 
o.xhaiod  iVon:  the  Vc.r.gs.  The  b'AXvi  during  its  drculation 
n::T.s  d?.rk  vod.  oxxinc  to  the  '.oss  of  oxvcen :  and  when  this 
dark  red  h"ood  rcschos  the  V.mg-s.  it  receives  a  fresh  supply 
of  oxvgcn  which  tr.rns  i:  bright  red.  thns  preparing  it  for 
anothc--  ^^;■.'.r;o^  :h:v,;ch  :hc  bod  v.  The  food  we  eat  con- 
t;»ir,s  c:.vbr;n  ?.nd  vXhcr  c";cms"^nrs,  which  are  built  up  into 
new  ;is>..e  hv  coir.r  !C\  eheniicrv".  ch;-.nces  in  the  bodv-  For 
s!:v.n':ic.:>  ^a-c  '.v.:.\  vhink  o-;  the  c.irxnr.ceons  Tnatter  erf  the 
b,»d \  r. >  bei r  c  s : c x*  1  \  b , ; vn ed .  The  h ;: man  bodv  resembles 
fi  sr.r.  ;'■  e.'.j:.:::  "In  c;.ch.  :h.-  ,-i\\  gen  of  the  air  helps  bum 
i .  1  e .  ; ; .  "gc : '  c .1  .  .  • ,  ;<■  ed  o :  c . . :  b.">:*.  1  n  :  h  ^  en gi n  e..  t he  products 
.'*sc:.;'»r  :h-v.,  g::  s.  ch-.;nni)  r,nd  the  hCcit  produced  is  csed 
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to  form  steam  which  moves  parts  of  the  machine ;  in  the 

body,  the  products  escape  mainly  through  the  lungs  and 
the  heat  keeps  the  body  at  a  temperature  at  which  it  can 
best  perform  its  functions. 

It  was  formerly  believed  that  breathing  pure  oxygen  would  produce 
loo  rapid  oxidation  in  the  body  and  burn  up  the  tissue  fester  than  it 
could  be  made.  But  recent  study  shows  that  with  proper  precautions 
oxygen  may  be  breathed  by  a  healthy  person  without  producing  any 
harmful  effect.  Tlie  blood  apparenUy  absorbs  a  maximum  quantity  of 
oxygen,  whether  supplied  from  air  or  from  the  pure  gas.  Oxygen  is 
often  administered  to  a  person  who  has  beeri  suffocated,  or  to  one  who 
b  unable  to  inhale  enough  air,  as  in  cases  of  croup,  asthma,  or  extreme 
weakness.  It  is  sometimes  used  to  sustain  life  where  air  is  impure 
cr  rare,  as  in  diving  bells  and  submarine  boats,  and  during  balloon 
ascensions  to  a  great  height. 

Decay  is  in  part  oxidation.  The  oxygen  of  the  air 
together  with  water  vapor  acts  upon  animal  and  vegetable 
matter  and  slowly  burns  it  up.  The  decomposition  is  often 
begun  and  hastened  by  bacteria.  The  products  of  decay 
are  numerous,  carbon  dioxide  being  one.  The  oxygen 
dissolved  by  water  assists  in  the  decay  of  the"  impurities 
constantly  flowing  into  rivers.  Similarly,  it  oxidizes  in- 
jurious vapors  and  matter  in  the  air,  literally  burning  them 
up,  just  as  it  burns  wood  in  a  stove.  Hence,  running 
water  is  more  likely  to  be  cleaner  than  standing  or  stagnant 
water,  and  the  air  in  the  open  country  or  at  the  seashore 
purer  than  in  the  crowded  city. 

Uses  of  Oxygen.  —  Oxygen  for  commercial  use  b  stored  under 
pressure  in  strong  iron  cylinders.  The  pure  gas  has  limited  use,  since 
air,  alihotigb  it  contains  about  So  per  cent  of  the  inert  gas  nitrogen, 
may  usually  be  used  in  place  of  oxygen.  A  mixture  of  oxygen  and 
hydrogen  burned  in  a  suitable  apparatus  produces  an  intensely  hot 
flame,  which  is  sometimes  used  to  melt  refractory  metals  and  to  produce 
the  caldum  light  (see  Oxyhydrogen  Blowpipe). 
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Liquid  Oxygen.  —  All  gases  at  a  low  temperature  (often 
exceedingly  low)  may  be  condensed  to  liquids,  and  even 
to  solids.  Under  these  conditions  oxygen  becomes  first 
a  pale  blue  liquid  and  finally  a  whitish  solid.  A  small 
quantit}*  was  first  obtained  in  1877,  but  now  it  is  prepared 
by  the  gallon.  It  is  magnetic,  and  when  a  strong  electro- 
magnet is  held  near  its  surface,  the  liquid  suddenly  "leaps 
up  to  the  poles  and  remains  there  permanently  attached 
until  it  evaporates." 

Under  the  nonnal  pressure  (760  mm.)^  liquid  oxygen  boils  at 
—  lS2.5"*C :  at  this  icmpcrature  its  speciiic  g^a^^ty  is  1.130  (water  =  i). 

Discovery  of   Oxygen.  —  Oxygen  \i"as  discovered   on 

AugUst  1,  1774,  by  Priestley  (1733-1S04).  He  prepared  it 
by  focusing  the  sun's  rays  upon  the  red  mercury  oxide  by 
means  of  "a  burning  lens  of  twelve  inches'  focal  distance." 
It  was  independently  discovered  by  Scheele  (1742-1786),  a 

Swedish  chemist,  about  the  same  time, 

Priestley  called  the  c^^  dephK^psiticAted  air,  because  he  regarded  it 
as  "Of void  of  •phK\ci>it^^:"i  "  Schoele  called  it  empyreal  air,  «^.  fire 
air  or  fire-s;v.v.xv*:inc  -^i^.  because  it  assisted  combustion.  Lavoi^er,  in 
17'js.  C'^ve  i:  tbe  •.i.v.iie  ."n;oi-»;  ^^tVom  ;he  Greek  njits,  add.  and^nt,  the 
root  of  a  verb  r."SiV»r.r.ii:  to  'orvX^.!ce^,  because  he  believed  from  hb 
ox;oeri:T»ents  tV.at  o\\vri'»  «^^  ^leccssaiy  for  the  production  of  adds  —  a 
view  now  know:-!  to  Iv  incorrect. 

Weight  of  a  Liter  of  Oxygen.  —  The  volume  occupied 

b\  ,1  j:v»s  klcpcr.vis  upon  ihc  :^'.vssure  and  temperature  to 
which  it  is  sr.biccted.  The  volir-iic  increases  with  rise  of 
1 0 : V. 'oc v. It;; :c  vm  w ; : h  1  .'^ xv 0 1 i T: c  c t  i^rcssure,  but  decreases 
wi:!":  :./..  o:  ic:v.:vv,inrv  cv  \xi:h  i-.-ic-.-cise  of  pressure.  In 
jiv:-:;^"'/..  ii  >\  c  Cvv^l  ;i  c.'»>  c:  s.bioc:  it  to  a  pressure,  it 
sh:v..ks.  .!'.t/.  ii   Nxc  hc.it   r.  c..>   c:    .-ccrc^se  the  pressure 


.'',;>  ;\.v\-ss',i!-.  in;-  .j-jv  \)u  n,^    \ .  .^v  v  .:\].'.:\'.  -.^-.^ssuri  of  the  atinoq)bere  as 
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it  is  under,  it  expands.  Gas  volumes,  to  be  correctly 
compared,  must  therefore  be  at  the  same  temperature  and 
pressure.  The  normal  or  standard  temperature  is  zero 
degrees  on  the  centigrade  thermometer,  or  briefly  0°  C. 
The  normal  or  standard  pressure  is  the  pressure  of  the 
atmosphere  indicated  by  the  barometer  when  the  mercury 
is  760  millimeters  high,  or  briefly  760  mm.  Under  these 
conditions,  called  standard  conditions,  a  liter  of  dry  oxygen 
weighs  1.429  gm.  At  another  temperature  or  pressure  the 
liter  would  contain  a  different  quantity  of  oxygen  and  would 
therefore  have  a  different  weight.  It  is  inconvenient  to 
measure  gases  at  0°  C.  and  760  mm.,  so  the  observed  volume 
is  teduced  to  the  volume  it  would  occupy  under  standard 
conditions.  This  mathematical  reduction  is  performed  by 
applying  the  Law  of  Charles  and  the  Law  of  Boyle. 

Law  of  Charles.  —  It  has  been  found  by  experiment  that  under  con- 
stant pressure  all  gases  expand  or  contract  equally  for  equal  changes 
of  temperature.  More  explicitly,  a  gas  expands  or  contracts  ,^j  of  its 
volume  at  0°  C.  for  every  degree  through  which  it  is  heated  or  cooled. 
This  means  that  273  volumes  at  0°  become  274  at  1°,  275  at  2°,  280  at 
7°,  272  at  —  1°,  270  at  —  3°,  or  273  +  /  volumes  at  /°  (/.<?.  at  any  tem- 
perature). This  law  is  not  absolutely  correct,  but  its  variations  from 
the  truth  are  slight. 

Suppose  we  have  id  1.  of  oxygen  at  0°  C,  and  we  wish  to  know  the 
volume  it  would  occupy  at  15°  C.  The  problem  is  easily  solved  by 
stating  it  as  a  proportion,  thus  — 

273  ^273  +  15  : :  io:x 

The  value  of  x  is  the  volume  required.  Conversely,  in  reducing  10  vol- 
umes at  15®  C.  to  the  volume  occupied  at  0°  C,  the  proportion  is  — 

273  +  15  :273:  iio.x. 

If  the  given  temperature  is  below  0°,  the  number  of  degrees  is  sub- 
tracted from  273. 

Law  of  Boyle.  —  It  has  also  been  found  by  experiment  that  under 
constant  temperature  the  volume  of  a  gas  is  inversely  proportional  to 
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the  pressure.  This  is  Boyle^s  law.  It  means  that  doubling  the  pres- 
sure halves  the  volume,  and  vice  versa.  Like  the  above  law,  this  law  is 
only  approximately  correct. 

Suppose  we  have  lo  1.  of  oxygen  at  760  mm.,  and  we  wish  to  know 
the  volume  it  would  occupy  at  775  mm.  According  to  the  law,  the 
proportion  expressing  the  relationis  — 

760:  775:  \x\  10. 

The  value  of  oris  the  required  volume.  Conversely,  if  we  have  10  1.  at 
775  mm.y  and  wish  to  know  its  standard  volume,  the  proportion  is  — 

760 :  775  : :  10 :  ;ir. 

It  is  convenient  to  notice  that  the  proportion  is  stated  so  that  the 
extremes  (or  means)  are  the  original  pressure  and  volume.  In  other 
words,  one  pressure  multiplied  by  its  volume  equals  the  other  pressure 
multiplied  by  its  volume,  or — 

PiPiiVi  V. 

Hence,  the  proportion  is  applicable  to  values  not  necessarily  includ- 
ing 760. 

EXERCISES. 

1.  What  is  the  symbol  of  oxygen  ? 

2.  How  is  oxygen  prepared  {a)  in  the  laboratory,  and  (b)  commer- 
cially ? 

3.  Name  several  compounds  from  which  oxygen  can  be  prepared. 

4.  Summarize  the  properties  of  oxygen.  What  is  its  most  charac- 
teristic property  ? 

5.  If  air  contains  something  besides  oxygen,  what  must  be  the  gen- 
eral properties  of  this  other  ingredient  ? 

6.  Define  and  illustrate  (a)  oxidation,  (b)  oxide,  (c)  combustion, 
(d)  oxidizing  agent. 

7.  What  elements  were  mentioned  in  studying  oxygen?  What 
compounds  ? 

8.  What  general  chemical  change  is  involved  in  burning?  What 
class  of  chemical  changes  is  illustrated  by  (a)  preparation  of  oxygen 
from  mercuric  oxide,  {b)  burning  of  sulphur  in  oxygen  ? 

9.  Give  a  brief  account  of  Priestley,  Scheele,  and  Lavoisier  (sec 
Appendix,  §  4). 
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10.  What  chemical  part  does  oxygen  take  in  (a)  respiration,  (b)  de- 
cay, (c)  combustion,  (a)  oxidation  ? 

11.  State  and  illustrate  {a)  Charleses  law  and  (b)  Boyle's  law. 

12.  Give  a  brief  account  of  Boyle  and  of  Charles. 

PROBLSMS. 

1.  Potassium  chlorate  contains  aboyt  39  per  cent  of  oxjgen.  How 
many  grams  of  oxygen  can  be  prepared  from  (a)  100  gm.,  (jb)  250  gm., 
and  (r)  725  gm.  of  potassium  chlorate  ? 

2.  What  approximate  weight  of  oxygen  can  be  prepared  from  100 
gm.  of  potassium  chlorate  containing  12  per  cent  of  impurity  ? 

3.  What  is  the  weight  of  {a)  10  1.  of  oxygen,  (b)  75  1.,  (c)  500 
cc  (</)  750  cc,  (e)  4  1.  ? 

4.  A  room  25  m.  long,  17  wide,  and  15  high  is  filled  with  oxygen. 
What  weight  of  gas  does  it  contain  ?  (A  liter  of  oxygen  weighs 
1.43  gm.) 

5.  Reduce  the  following  volumes  to  the  volume  occupied  at  0°  C. : 
(a)  173  cc  at  12°  C,  {b)  466  cc.  at  14°  C,  (c)  706  cc.  at  15"*  C,  {d) 
25  cc  at  27°  C. 

6.  A  volume  of  gas  at  0°  C.  measures  1500  cc.  What  is  its  volume 
at  (a)  15°  C,  ip)  50°  C,  (c)  100°  C,  {d)  300°  C.  ?' 

7.  If  500  cc  of  gas  at  27°  C.  are  cooled  to  —  5°  C,  what  is  the  new 
volume  ? 

8.  Reduce  the  following  volumes  to  the  volume  occupied  at 
760  mm. :  (a)  200  cc.  at  740  mm.,  {b)  25  cc.  at  780  mm.,  (c)  467  cc. 
at  756  mm.  Ans.  (a)  i947>  {b)  25.65,  (c)  464-54- 

9.  A  gas  measures  1000  cc.  at  770  mm.  What  is  its  volume  at 
530  mm.? 

10.  Reduce  the  following  to  standard  conditions :  (a)  147  cc.  at 
570  mm.  and  136.5°  C,  (b)  320  cc.  at  950  mm.  and  91°  C,  {c)  480  cc. 
at  380  mm.  and  68.25°  C,  {d)  25  cc.  at  780  mm.  and  27°  C,  (e)  14  cc. 
at  763  mm.  and  11°  C. 

Ozone  is  a  gas  related  to  oxygen,  though  its  properties  differ.  It  is 
formed  when  dectric  sparks  pass  through  the  air,  and  is  therefore  pro- 
duced when  electrical  machines  are  in  operation  and  during  thunder 
storms.  Slow  oxidation,  especially  of  moist  phosphorus,  produces 
ozone.    Indeed,  its  formation  accompanies  several  chemical  changes, 
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such  as  the  burning  of  hydrogen  and  of  certain  resins,  and  the  decom- 
position of  water  by  electricity. 

Ozone  has  a  peculiar  odor,  suggesting  burning  sulphur.  The  name 
ozone  signifies  smell.  It  is  active  chemically,  tarnishing  metals,  bleach- 
ing colored  vegetable  substances,  deodorizing  foul  animal  matter,  and 
corroding  such  substances  as  cork  and  rubber.  It  is  sometimes  used  as  a 
disinfectant,  though  other  oxidizing  agents  are  more  convenient.  When 
heated  to  250°  C,  or  higher,  it  is  wholly  changed  into  oxygen.  Ozone, 
therefore,  contains  nothing  but  oxygen.  When  oxygen  is  changed  into 
ozone,  it  is  found  that  three  volumes  of  oxygen  yield  two  volumes  of 
ozone ;  and,  conversely,  the  two  volumes  of  ozone,  when  heated,  become 
three  volumes  of  oxygen.  Hence,  volume  for  volume,  ozone  is  1.5  times 
heavier  than  oxygen.  For  this  reason  ozone  is  sometimes  called  "con- 
centrated oxygen,"  or  "an  oxide  of  oxygen."  Its  theoretical  relation  to 
oxygen  will  be  subsequently  discussed. 

The  atmosphere  usually  contains  a  small  proportion  of  ozone,  prob- 
ably not  more  than  one  volume  in  700,000  volumes  of  air.  It  is  more 
abundant  in  the  open  country  and  at  the  seashore  than  in  cities. 
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HYDROGEN. 


Occurrence. —  Free  hydrogen  is  present  in  the  i 
which  escape  from  volcanoes,  petroleum  wells,  and  natural 
gas  openings.  Artificial  illuminating  gas  contains  consid- 
erable hydrogen.  It  is  a  product  of  fermentation  and 
decay,  and  according  to  recent  observations  a  very  small 
quantity  is  present  in  the  atmosphere  of  the  earth.  Enor- 
mous quantities  of  free  hydrogen  exist  in  the  atmosphere 
of  the  sun,  and  during  an  ecUpse  of  the  sun  gigantic 
streams  of  burning  hydrogen  may  be  seen  shooting  out 
from  the  sun's  disk  thousands  of  miles  into  space.  Other 
heavenly  bodies  which  are  self-luminous,  like  the  star  Sirius 
and  the  nebulae,  contain  free  hydrogen.  The  spectroscope 
has  revealed  its  presence  in  these  distant  bodies.  Meteor- 
ites, which  come  from  regions  far  beyond  our  earth,  often 
cont^n  free  hydrogen. 

Combined  hydrogen  is  abundant  and  widely  distributed. 
It  forms  one  ninth  (by  weight)  of  water.  Most  animal  and 
vegetable  matter  contains  hydrogen.  It  is  also  an  essential 
component  of  ali  acids.  Combined  with  carbon,  it  forms 
many  gases  and  liquids  called  hydrocarbons,  which  are  con- 
stituents of  illuminating  gas,  kerosene,  and  naphtha.  Com- 
bined with  carbon  and  oxygen,  it  forms  many  vegetable 
compounds,  such  as  sugar,  starch,  paper,  wood,  and  numer- 
ous artificial  products.  With  nitrogen  it  forms  the  familiar 
compound,  ammonia ;  and  with  sulphur,  the  bad-smelling  gas, 
hydrogen  sulphide,  which  occurs  in  many  sulphur  springs. 
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Preparation.  —  Hydrogen,  like  oxygen,  is  prepared  from 
it»  i(iU\\umndii.  In  the  laboratory  this  is  easily  aecom- 
|ilihhe(l  by  allowing  a  metal  and  an  acid  to  interact.  The 
iik^IuIh  usually  employed  arc  zinc,  iron,  or  magnesium,  and 
tfie  ucidn  arc  dilute  sulphuric  acid  or  hydrochloric  acid. 
The  liydrogcn  comes  from  the  acid  and  bubbles  through 
the  liquid,  when  the  acid  and  metal  are  put  into  a  test  tube 
or  lla»k.  C^n  a  large  scale  hydrogen  is  prepared  in  a  genera- 
tor, which  consists  of  a  glass  vessel  provided  with  a  delivery 
tube  arranged  to  collect  the  gas  over  water  in  a  pneumatic 
trough.  No  tlame  should  be  near  during  the  performance 
of  ihis  experiment,  because  mixtures  of  air  and  hydrogen 
explode  violently  when  ignited.  The  interaction  of  zinc 
and  sulphuric  acid  produces,  besides  hydrogen,  a  compound 
ealleil  zinc  sulphate.  This  remains  in  the  generator  in 
solution,  and  if  the  solution  is  allowed  to  evaporate,  the 
zinc  sulphate  separates  as  transparent  crystals,  which  soon 
turn  white  in  the  air.  Hydrogen  may  be  obtained  from 
water  bv  allowing  the  metal  sodium  and  water  to  interact. 

If  Li  small  puw  of  sodium  is  dropped  upon  cold  water,  the  sodium 
molls  into  a  shining  globule*  which  spins  about  rapidly  on  the  ifater 
wiih  .1  hissing  sound,  and  finally  dis;ippears  with  a  slight  explosion. 
Hue  when  the  sodium  is  wrappet.1  in  a  piece  of  tea  lead  pierced  widi  a 
tcvv  holes  auvl  then  dropped  beneath  the  shelf  of  a  pneumatic  trough 
tillt-vl  with  water,  the  action  proceeds  smoothly.  Hydrogen  gaa  rises 
and  disphuvs  the  water  t'lom  a  test  tube  or  bottle  supported  over  tbe 
hv>lc  Ml  '.he  sholf.  The  nature  oi  the  chemical  change  whidi  attends 
I  ho  libeiatioii  ot  hydrogen  troni  water  will  be  explained  later  (Chap- 
let  V>. 

HvuiOiicn.  toiicthor  with  o.\v»<en,  is  liberated  from  water 
bv  !\isciiiii;  A  our»eiit  of  electricity  through  water  contaizxing 
.1  'ilC'C  siilpiniiic  :icid  .sec  Cli^V'^^^  ^''^• 

li\uiOi;c'i  :iMv  .ilso  bo  pici.Mieu  by  passing  steam -^ tbe 
siLiscous  :oiiu  of  wucei- — over  hciiceu  uietais^ 
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s  experiment  was  first  performed  by  Lavoisier,  ir 
He  passed  s 


1783,  while  he 


was  studying  thi;  composition  of  water.  He  passed  steam  through  a 
red-hot  gun  barrel  containing  bits  of  irou.  The  oxygen  of  the  steam 
combined  with  the  iron,  and  the  hydrogen  escaped  from  the  tube.  Since 
Lavoisier  was  studying  the  composition  of  water,  and  not  the  properties 
of  hydrogen,  he  naturally  thought  of  this  gas  as  essential  tor  forming 
water.  So  he  says  in  his  notes,  "No  name  appears  to  us  more  suitable 
than  that  of  hydrogen,  that  is  to  say,  '  generative  principle  of  water.' " 
Apart  from  historical  interest,  this  experiment  has  commercial  value- 
If  steam  is  passed  over  red-hot  coal  (instead  of  iron),  producer  gas 
is  formed.  This  is  a  mixture  consisting  largely  of  hydrogen,  which  is 
used  as  a  source  of  heat  in  making  steel  and  glass.  If  oil  vapor  is 
added  to  this  mixture,  water  gas  is  formed.  This  is  an  illuminating 
gas  like  ordinary  illuminating  gas,  and  is  used  in  many  cities  (see 
Water  Gas). 

Physical  Properties.  —  Hydrogen  has  no  taste  or  color. 
The  pure  gas  has  no  odor,  though  hydrogen  as  ordinarily 
prepared  has  a  disagreeable  odor,  due  mainly  to  impurities 
in  the  metals  used.  Most  of  these  impurities  may  be  re- 
moved by  passing  the  gas  through  a  solution  of  potassium 
permanganate.  Hydrogen  is  the  lightest  known  substance. 
One  liter  of  dry  hydrogen  at  0°  C.  and  760  mm.  weighs 
only  0.0898  gm.  Volume  for  volume,  air  is  about  14.4 
times,  oxygen  16  times,  and  water  li.ooo  times  heavier 
than  hydrogen. 

The  extreme  lightness  of  hydrogen  may  be  easily  shown.  (1)  If  a 
wide-mouth  bottle  of  the  gas 
is  left  uncovered  two  or  three 
minutes  and  a  lighted  match 
then  dropped  in,  the  match 
will  continue  to  burn.  If 
hydrogen  had  been  present, 
the  flame  would  have  caused 
it  to  combine  with  the  oxy- 
gen of  the  air  with  a  loud 
explosion.  (2)  If  a  bottle  of 
hydrogen  is  held  beneath  a  bottle  of  air  as  shown  in  Figure  1; 


—  Pouring  liydrogen 
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soon  exchange  places,  the  hydrogen,  owing  to  its  lightness,  rising  fi 
the  Tapper  bottle.  Its  presence  there  may  be  readily  shown  by  dropping 
a  lighted  match  into  this  bottle ;  if  the  experiment  has  been  well  done, 
the  hydrogen  will  bum,  but  in  most  cases  Che  loud  explosion  shows 
that  only  a  part  of  the  hydrogen  has  been  poured  upward.  A  lighted 
match  dropped  into  the  other  botde  reveals  only  air.  (3)  If  a  small 
collodion,  or  rubber,  balloon  is  filled  with  hydrogen  and  then  released, 
it  will  rise  rapidly  into  the  air.  Hydrogen,  because  of  ils  iightness,  is 
sometimes  used  to  fill  large  balloons,  but  ordinary  illuminating  gas  is 
usually  employed. 

Hydrogen  is  the  standard  for  reckoning  the  density  of  gases.  Thus, 
since  a  liter  of  oxygen  weighs  1.43  gm.,  its  density  is  found  by  the 
proportion :-      ^^^  :  1.43  : :  i  :  :r.        .:x=  16  (nearly). 

Hydrogen  is  not  very  soluble  in  water,  but  it  is  absorbed 
by  several  metals,  especially  the  rare  tnetal  palladium. 
This  property  of  absorbing  gases  is  called  occlusion. 

Only  about  1.84  1.  of  hydrogen  at  760  mm.  pressure  dissolve  in 
100  1.  of  water  at  20°  C.  Palladium  absorbs  froiti  370  to  960  limes 
its  own  volume  of  hydrogen,  according  to  the  conditions  of  the  experi- 
meat.  Platinum  and  iron  act  similarly,  though  to  a  less  degree.  Illu- 
minating gas,  which  contains  considerable  hydrogen,  is  also  absorbed 
by  metals.  And  since  heat  is  developed  by  occlusion,  the  illuminating 
gas  may  be  lighted  by  the  heated  metal  upjn  which  it  flows,  A  adf- 
lighting  gas  burner  acts  on  this  principle.  The  act  of  ocdu^n  b 
partly  chemical  and  partly  physical. 

Hydrogen  illustrates  diffusion;  i.e.  it  readily  passes 
through  porous  substances  and  completely  mixes  with 
other  gases  without  stirring  or  agitating. 

It  penetrates  unglazed  earthenware,  paper,  and  heated  metals,  espe- 
cially platinum.  Hydrogen  has  the  highest  rate  of  diffusion,  because 
its  density  is  the  lowest.  The  rate  of  diffusion  of  a  gas  is  inversely 
proportional  to  the  square  root  of  the  density.  Thus,  the  rate  of  digii- 
sioa  of  hydrogen  is  four  times  that  of  oxygen,  since  the  density  of  oxy- 
gen Is  sixteen  times  that  of  hydrogen.  We  are  largely  indebted  for 
our  knowledge  of  difiiision  to  the  English  chemist,  Thomas  Grabatt  1 
(1805-1869). 


Hydrogen. 


ay 


Hydrogen  is  not  poisonous  if  pure.  It  does  not  support 
life,  but  a  little  may  be  breathed  without  danger. 

Chemical  Conduct.  —  Hydrogen  burns  in  the  air  and 
in  oxygen  with  an  almost  invisible  but  very  hot  flame.  A 
platinum  or  copper  wire  held  in  the  flame  quickly  becomes 
red-hot.  If  a  small,  dry,  cold  bottle  is  held  over  the  flame, 
moisture  is  deposited  inside  the  bottle.  Water  is  the  prod- 
uct of  the  combustion  of  hydrogen.  These  facts  may  be 
verified  by  the  apparatus  shown  in  Figure  2. 

fi 


« 


Fig.  2.  —  Apparatus  for  burning  hydrogen.  Acid  is  slowly  introduced  through 
the  funnel  into  the  flask,  which  contains  zinc.  The  liberated  hydrogen  is  dried  as 
it  passes  through  the  U-tube  containing  calcium  chloride  and  is  lighted  at  the  plati- 
num tip  after  all  the  air  has  been  driven  from  the  apparatus.  The  tip,  which  is 
attached  to  &e  delivery  tube  by  a  small  rubber  tube,  is  shown  (about  actual  size) 
on  the  left. 


The  film  of  water  often  noticed  on  the  bottom  of  a  vessel  placed 
over  a  lighted  gas  range  or  a  Bunsen  burner  is  formed  by  the  burning 
hydrogen  and  hydrogen  compounds  of  the  illuminating  gas.  Similarly, 
water  often  drops  from  the  top  of  the  oven  of  a  lighted  gas  range.  Or- 
ganic substances  containing  hydrogen,  such  as  wood  and  paper,  when 
burned,  yield  water  as  one  of  their  products. 

The  feet  that  the  only  product  of  burning  hydrogen  is  water  was  first 
shown  in  1783  by  Cavendish  (1730-18 10).  Lavoisier  in  the  same  year 
verified  this  feet  and  utilized  it  to  explain  the  composition  of  water. 

The  temperature  of  the  hydrogen  flame  is  very  high. 
More  heat  is  produced  by  burning  hydrogen  in  oxygen 
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than  by  burning  the  same  weight  of  any  other  substao^n 
(see  Chapter  X). 

Hydrogen  burns  in  chlorine  gas.  The  flame  is  bluish  white,  not 
very  hot,  and  the  product  is  hydrochloric  acid  gas  —  a  compound  of 
hydrogen  and  chlorine.  This  burning  of  hydrogen  in  chlorine  illus- 
trates the  broader  u-se  of  the  word  combustion,  since  no  oxygen  is 
involved. 

Hydrogen  does  not  support  combustion,  as  the  term  is 
usually  used.  This  fact  is  illustrated  by  putting  a  lighted 
taper  into  an  inverted  bottle  of  hydrogen.  The  taper 
ignites  the  hydrogen,  which  burns  at  the  mouth  of  the 
bottle.  The  taper  does  not  burn  inside  the  bottle,  but  when 
it  is  slowly  withdrawQ  through  the  burning  hydrogen  it  is  1 
relighted.  Hence,  hydrogen  burns,  but  does  not  support  I 
combustion. 

A  mixture  of  hydrogen  and  air  explodes  violently  when 
ignited.  Therefore,  the  air  should  be  fully  expelled  from 
the  apparatus  in  which  hydrogen  is  being  generated  before 
the  gas  is  collected,  and  no  flames,  large  or  small,  should  be 
near.  Neglect  of  these  precautions  has  caused  serious 
accidents. 

Hydrogen  not  only  combines  energetically  with  free 
oxygen,  but  it  withdraws  oxygen  from  compounds.  As 
stated  before,  this  chemical  removal  of  oxygen  is  called 
reduction.     Hydrogen  is  a  vigorous  reducing  agent. 

The  Oxyhydrogen  Blowpipe  utilizes  the  intense  heat  pro- 
duced by  burning  a  mixture  of  hydrogen  and  oxygen.     The 
apparatus   (Fig.   3)   con- 
sists of  two  pointed  metal    ■ 
tubes.      The    inner    and    J 
smaller    one    is    for   th^  I 
oxygen,    and    the    outer 
Their  pointed  ends  are 


Fig.  3.  — OiyhydrogEQ  blowpipe  lip. 

and  larger  one  for  the  hydrogen, 
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close  together,  and  the  two  gases  mix  as  they  are  forced 
out  of  these  small  openings  by  the  pressure  maintained  in 
the  storage  tanks.  Sometimes  the  tubes  are  separated, 
but  the  gases  flow  from  a  similar  opening.  .  The  hydrogen 
is  first  turned  on  and  lighted  at  the  pointed  opening ;  then 
the  oxygen  is  turned  on  and  the  flow  gradually  regulated 
until  the  flame  is  the  desired  size,  usually  thin,  straight, 
and  as  long  as  the  apparatus  requires.  There  is  no  danger 
in  using  the  blowpipe,  provided  it  does  not  leak  and  the 
pressure  is  properly  regulated  by  the  stopcocks.  In  the 
hot  flame,  some  metals,  Uke  silver,  turn  to  vapor ;  some, 
like  iron,  burn  brilliantly ;  while  others,  Hke  platinum,  melt 
When  the  flame  strikes  against  a  piece  of  lime  or  other  sub- 
stance difficult  to  melt,  the  lime  becomes  intensely  bright. 
Thus  used,  it  is  called  the  lime,  calcium,  or  Drummond 
light  and  is  often  employed  in  operating  the  stereopticon. 

The  blast  lamp  is  a  modification  of  the  oxyhydrogen  blowpipe.  The 
apparatus  (Fig.  4)  consists  of  two  tubes,  an  inner  one  for  air  and  an 
outer  one  for  illuminating  gas.  The  air, 
which  is  forced  through,  the  apparatus  by 
a  bellows,  provides  oxygen,  and  the  illumi- 
nating gas  contains  hydrogen  and  other 
combustible  gases.  The  mixture  burns  at 
the  opening  of  the  tubes  with  a  colorless 
or  bluish  flame,  which  is  hotter  than  the 
Bunsen  flame  —  the  usual  source  of  heat  for 
chemical  experiments.  The  shape  of  the 
flame  is  easily  regulated  by  stopcocks. 

Liquid  Hydrogen  is  colorless  and  trans- 
parent.    It  was  first  obtained  by  Dewar  in 

1898.     At   the   ordinary   pressure   of  the  •4'—    as    a  ip. 

atmosphere  it  boils  at  —  252.5°  C.  When  cooled  to  about  —  256°  C. 
by  evaporation  under  reduced  pressure,  the  liquid  becomes  a  mass  of 
solid  hydrogen ;  the  latter  is  a  white  froth  if  produced  while  boiling, 
and  a  transparent  solid  if  formed  when  quiet. 


30  Descriptive  Chemistry. 

Discovery  of  Hydrogen.  —  Paracelsus  in  the  sixteenth  century  ob- 
tained hydrogen  by  the  interaction  of  acids  and  metals.  It  was  iden- 
tified as  an  element  in  1766  by  Cavendish,  who  called  it  inflammable 
air.  The  name  hydrogen^  given  to  it  by  Lavoisier,  in  1783,  is  derived 
from  the  Greek  words  hudovj  water,  and  gen^  the  root  of  a  verb  mean- 
ing to  produce. 

EXERCISES. 

1.  What  is  the  symbol  of  hydrogen  ? 

2.  What  familiar  compounds  contain  hydrogen? 

3.  How  is  hydrogen  prepared  in  the  laboratory?  Describe  other 
methods  of  preparation. 

4.  Summarize  the  properties  of  hydrogen.  What  is  its  most  char- 
acteristic property  ? 

5.  Why  is  there  danger  of  an  explosion  in  generating  hydrogen? 
How  may  the  danger  be  avoided  ? 

6.  What  is  the  weight  of  a  liter  of  dry  hydrogen?  How  many 
times  heavier  than  a  liter  of  hydrogen  is  one  of  air  ? 

7.  Define  and  illustrate  {a)  occlusion  and  (Jb)  diffusion  of  gases. 

8.  What  chemical  change  occurs  when  hydrogen  burns  in  air  ? 

9.  Is  water  an  oxide  ?    Why  ? 

10.  How  does  the  heat  of  the  hydrogen  flame  compare  with  its 
luminosity  ? 

11.  Define  {a)  reduction  and  (J>)  reducing  agent.  Name  a  reduc- 
ing agent. 

12.  Describe  {a)  the  compound  blowpipe  and  {b)  the  blast  lamp, 
and  state  the  use  of  each. 

13.  Summarize  briefly  the  discovery  of  hydrogen.  Give  a  short 
account  of  Cavendish.    Why  and  by  whom  was  hydrogen  so  named  ? 

14.  What  class  of  chemical  changes  is  illustrated  1^  {a)  the  prepara- 
tion of  hydrogen  from  zinc  and  sulphuric  acid,  {b)  the  burning  of 
hydrogen  in  air  ? 

PROBLEMS. 

1.  How  many  times  heavier  than  a  liter  of  hydrogen  is  a  liter  of 
oxygen,  both  being  dry  and  under  standard  conditions  ? 

2.  What  is  the  weight  of  {a)  500  cc.  of  dry  hydrogen  gas  at  o"  C. 
and  760mm.  ?     (^)^Of  1800CC.  ?     (^)Of9l.  ? 

3.  The  standard  pressure  at  which  a  gas  is  measured  is  760  mm 
Express  the  same  in  inches. 


CHAPTER  IV. 
GENERAL  PROPERTIES  OF  WATER. 

Water  is  worthy  of  extensive  study  because  of  its 
importance  in  the  animal,' vegetable,  and  mineral  king- 
doms, its  peculiar  properties,  and  its  numberless  uses. 

Occurrence  in  HTature. — Water,  in  the  form  of  vapor, 
is  always  present  in  the  atmosphere.  Evaporation  is  con- 
stantly taking  place  from  the  surface  of  the  ocean,  from 
the  moist  earth,  from  the  bodies  of  animals,  and  from 
plants.  This  vapor  is  continually  condensing,  and  appears 
as  clouds,  mist,  fog,  rain,  snow,  hail,  dew,  and  frost. 

The  proportion  of  water  vapor  in  the  atmosphere  varies  between  wide 
limits,  the  amount  present  being  largely  influenced  by  the  temperature. 
It  has  been  found,  however,  that  looo  volumes  of  ordinary  air  contain 
about  1 4  volumes  of  water  vapor.  The  total  amount  of  vapor  in  the  atmos- 
phere is  beyond  comprehension. 

In  the  liquid  state  water  occurs  in  vast  quantities. 
About  three  fourths  of  the  surface  of  the  globe  is  covered 
with  water.  Soil  and  porous  rocks  hold  considerable 
quantities,  and  plants  and  animals  contain  a  large  pro- 
portion. Many  substances  which  are  apparently  dry  really 
contain  a  large  proportion  of  water.  Thus,  in  a  ton  of 
clover  hay  there  are  upwards  of  200  lb.  of  water,  and  a 
ton  of  salt  hay,  which  is  usually  very  dry,  contains  about 
100  lb.  ' 

Many  common  foods  are  largely  water,  as  may  be  seen 
by  the  following  — 
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Table  of  the  Proportion  of  Water  in  Food. 


Food. 


Cod  .  . 
Beef  .  . 
Lobster  . 

Eggs  .    . 
Asparagus 
Potatoes . 
Cucumbers 


Per  Cent 
OF  Water. 


82.6 
61.9 
79.2 

73-7 

94. 

78.3 

954 


Food. 


Tomatoes  . 
Apples  .  . 
Strawberries 
Watermelon 
MUk.  .  . 
Cheese  .  . 
White  bread 


Per  Ceht 
of  Water. 


94.3 
84.6 
90.4 
92.4 
87. 

28  to  72 
35-3 


The  human  body  is  nearly  70  per  cent  water,  and  during  a 
year  the  average  man  drinks  about  half  a  ton. 

Water  in  the  form  of  ice  permanently  covers  the  coldest 
parts  of  the  surface  of  the  earth,  e,g,  the  polar  regions  and 
the  summits  of  high  mountains.  A  rough  estimate  of  the 
total  weight  of  ice  on  the  earth's  surface  is  6,373,000,00a 
millions  of  metric  tons.^ 

Functions  of  Water  in  Nature.  —  Since  water  is  the 
only  liquid  occurring  in  large  quantities  on  the  earth's  sur- 
face, it  is  the  great  agent  of  erosion.  It  cuts  away  the 
earth's  crust,  and  transports  the  material  from  higher  to 
lower  levels,  or  washes  it  into  the  ocean.  Together  with 
carbon  dioxide  gas  it  decomposes  the  rocks,  changing  them 
into  clay,  sand,  and  substances  which  make  the  soil  pro- 
ductive. Its  cycle  of  changes  from  liquid  to  vapor  ^nd 
vapor  to  liquid  exerts  a  marked  influence  on  the  distribu- 
tion of  heat  and  moisture  upon  the  earth's  surface,  i,e,  on 
climate. 

It  dissolves  many  solids  and  gases  and  is  constantly  re- 
moving from  the  rocks  and  soil  their  soluble  constituents, 


1 A  metric  ton  contains  2204.6  pounds. 
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some  o£  which  serve  for  the  nutrition  of  plants,  though  the 
larger  part  passes  on  to  the  ocean.  The  latter  thus  be- 
comes a  vast  reservoir  of  water  containing  salt  and  other 
mineral  matter  obtained  from  the  earth's  crust.  In  the 
vital  processes  of  animals  and  plants  it  helps  change  the 
food  into  a  condition  fit  for  distribution  and  assimilation. 

Industrial  Applications,  —  Besides  the  universal  use  of 
water  for  drinking,  it  is  applied  to  an  endless  variety  of  use- 
ful and  convenient  purposes.  It  has  always  been  man's 
beast  of  burden.  It  is  the  vehicle  for  transferring  mechan- 
ical energy  to  water  wheels  —  an  appUcation  now  being 
made  on  a  vast  scale  for  generating  electricity.  It  utilizes 
by  its  pecidiar  properties  the  energy  in  fuel  by  means  of 
the  steam  engine.  It  is  the  highway  for  transportation  on 
the  largest  scale  by  ocean,  river,  lake,  and  canal.  It  is  the 
vehicle  for  the  distribution  of  heat  by  hot  water  and  steam. 
It  is  the  indi-spensable  solvent  in  metallurgy,  in  the  manu- 
facture of  chemicals,  and  in  such  industries  as  soap 
making,  bleaching,  brewing,  dyeing,  and  tanning;  it  is 
necessary  wherever  mortar  and  cement  a/e  used.  Man's 
work  would  be  stopped  in  a  thousand  other  ways  were 
he  deprived  of  water. 

Physical  Properties  of  Pure  Water.  —  Owing  to  its 
remarkable  solvent  power,  water  is  never  found  pure  in 
nature,  and  is  purified  even  in  the  laboratory  only  by  taking 
especial  precautions,  At  the  ordinary  temperature  water 
is  a  tasteless  and  odorless  liquid.  It  is  usually  colorless, 
but  thick  layers  are  bluish.  Water  is  a  poor  conductor  of 
heaL 

This  last  property  may  be  shown  by  boiling  water  near  the  surface 
in  a  laige  test  tube  containing  a  piece  of  ice  weighted  down  upon  the 
bottom.  The  ice  remains  unmelted  for  soroe  lime,  although  the  watet 
is  boiling  a  few  inches  above  it. 


\ 
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Most  liquids  expand  with  heat  and  contract  with  cold 
Water  is  an  exception.  If  water  at  loo"  C.  is  gradually 
cooled,  it  contracts  in  volume.  But  when  4°  C.  is  reached, 
if  the  cooling  continues,  the  volume  increases  as  long  as 
the  liquid  state  is  maintained.  Hence  at  4°  C.  a  given 
volume  contains  the  greatest  weight  of  water.  That  is, 
water  has  its  maximum  density  at  4°  C. 

The  density  of  water  at  4"  C.  is  i ;  and  water  at  this  temperature  is 
the  standard  for  determining  the  densities  of  solids  and  liquids,  Thua, 
when  we  say  the  density  of  gold  is  19,  we  mean  that  gold  is  19  times 
heavier  than  an  equal  volume  of  water  at  ^''C. 

The  expansion  of  water  when  cooled  from  4?  C.  to  o"  C.  is  slight  but 
the  change  is  exceedingly  important  in  nature.  When  the  water  on  tht 
surface  of  a  lake  or  river  cools,  it  contracts,  and  since  it  ia  heavier 
(volume  for  volume)  than  the  warmer  water  beneath,  it  sinks.  The 
wanner  water  rises,  is  cooled,  and  likewise  sinks,  thus  causing  a  circola- 
tion  which  continues  untU  all  the  water  from  surface  to  bottom  has  Hie 
temperature  of  4°C.  Now  if  the  cooling  continues,  the  surfara  water 
expands  and  remains  on  top,  because  it  is  lighter  than  the  walef 
beneath.  Hence  when  the  temperature  of  the  air  falls  to  0°  C,  this  lop 
layer  of  water  freezes  and  protects  the  remaining  water  from  the  oJld. 
thus  stopping  the  circulation.  Should  the  circulation  continue,  as  tbe 
temperature  fell  from  4°C.  to  o''C,,  the  whole  body  of  water  voBld 
finally  freeze  from  top  to  bottom.  This  condition  would  not  U^ 
destroy  the  fish  and  marine  plants,  but  seriously  affect  climate,  fflCfi 
the  heat  of  summer  could  not  melt  such  a  vast  mass  of  ice. 

When  water  freezes,  it  expands  about  one  tenth  of  its    | 
volume.     That  is,  100  cc.  of  water  produce  about  no  cc, 
of  ice.     In  other  words,  loo  cc.  of  water  and  iTO  cc.  of  ice   I 
weigh   too  gm.  each.      Hence  ice  floats.      The   spec^ 
gravity  of  ice  is  about  0.92. 

The  pressure  exerted  by  water  when  it  freezes  is  powerfid.  Vessels 
or  pipes  completely  filled  with  water  often  burst  when  the  water  freezes. 
It  is  an  erroneous  but  popular  idea  that  "  thawing  out "  a  pipe  bursts  it. 
As  a  mailer  of  fact,  ice  contracts  when  it  melts.  The  pipe  cracks  when 
the  water  freezes,  and  as  the  ice  melts  a  channel  is  left  for  tlie  water  to 
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It  of  the  pipe.  Because  of  this  pioperly,  ice  is  an  elective  agent 
tting  rocks.  Water  creeps  into  cracks,  especially  into  the  narrow 
ly  capillary  attraction,  and  when  it  freezes,  the  rock  is  slowly  split 
Water  in  freezing  also  destroys  the  tissue  of  living  plants, -which 
ten  said  to  have  been  "touched  by  frost."  Frozen  flesh  for  a 
■  reason  becomes  pulpy  and  is  more  liable  lo  putrefy  when  thawed 
ct  sometimes  overlooked  by  those  who  eat  flesh  food  which  has 
a  cold  storage. 


lelts  at  0°C.  (32°  F.),  which  is  also  the  freezing 
K'Tvater.     Ice  often  crystallizes  in  freezing,  but  the 
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individual  crystals  are  seldom  visible  except  duiing  the  first 
stages  of  the  process.  Snow  crystals  are  common  (Fig.  5). 
They  are  always  six-sided,  and  are  formed  in  the  atmos- 
phere  by  the  freezing  of  water  vapor. 

Water  evaporates  at  all  temperatures,  passing  off  as  an 
invisible  vapor  into  the  atmosphere  or  into  the  air  conBned 
over  it.  If  water  is  heated,  the  vapor  passes  off  rapidly 
until  the  thermometer  reads  100° C.  (or  2I2°F.).  At  this 
point  water  boils,  i.e.  it  changes  rapidly  into  vapor  without 
rise  of  temperature.  This  vapor,  if  allowed  to  escape  into 
the  atmosphere,  cools  and  condenses  quickly  into  a  cloud 
of  minute  drops  of  water.  This  cloud  is  popularly  called 
steam.  Scientifically,  steam  is  invisible.  What  we  call 
steam  is  a  mass  of  very  small  particles  of  water.  This 
may  be  illustrated  by  boiling  water  in  a  large  flask.  The 
inside  of  the  flask  is  perfectly  transparent,  although  there 
is  a  cloud  of  "  steam  "  issuing  from  its  mouth. 

Water  boils  when  its  vapor  escapes  with  sufficient  pressure  to  over- 
come the  pressure  of  the  atmosphere  upon  its  surfate.  Hence  the  boil- 
ing point  depends  upon  tiie  pressure  —  either  of  the  atmosphere  or  o( 
the  vapor  within  the  vessel.  The  boiling  point  is  100° C.  (or  211'F.) 
when  the  atmospheric  pressure  is  normal,  i.e.  760  mm.  The  boiling 
point  is  lower  as  the  pressure  is  decreased  and  higher  as  the  pressure  a 
increased.  Warm  water  will  boil  under  the  receiver  of  an  air  pump  01 
on  the  top  of  a  high  mountain.  In  the  city  of  Mexico  (7500  feet  above 
sea  level)  water  boils  at  about  92°  C.  and  in  Quito  in  South  America 
{9350  (eet  above  sea  level)  water,  whidi  boils  at  about  90°  C,  is  not 
hot  enough  to  cook  potatoes. 

The  pressure  exerted  by  water  vapor  which  escapes  from  a  liquid  is 
called  vapor  pressure.  Since  the  rate  of  evaporalioa  depends  upon 
the  temperature  of  llic  liquid,  vapor  pressure  varies  with  tiie  temperature.  , 
Vapor  pressure  is  usually  expressed  in  millimeters  of  mercury.  Thus,  at  | 
lOD^C.  the  pressure  of  water  vapor  is  760  mm.,  because  at  the  boiling  I 
point  the  vapor  pressure  is  just  enough  lo  overcome  the  opposing  I 
atmospheric    pressure.      At    20°  C.  the    pressure   of   water   vapor   il 
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17.39  millimeters.    While  at  o®C.  the  vapor  pressure  is  only  about 
|..5  millimeters. 

Natural  Waters.  — Water  is  never  found  pure  in  nature. 
Even  rain  water,  which  is  usually  regarded  as  the  purest 
latural  water,  contains  gases  and  dust  washed  from  the 
lir.  When  rain  strikes  the  ground  it  begins  at  once  to 
:ake  up  impurities  from  the  rocks,  soil,  and  vegetation. 
Some  of  the  water  flows  along  the  surface,  becoming  more 
ind  more  impure,  and  finally  reaches  the  ocean.  From  25 
DO  40  per  cent  of  the  annual  rainfall  in  temperate  regions 
soaks  into  the  ground  and  trickles  through  the  soil  at  an 
estimated  rate  of  0.2  to  20  feet  a  day.  This  underground 
water  finally  finds  its  way  again  to  the  surface  as  a  spring 
or  well,  through  a  lake  or  river,  or  from  a  hillside.  On  its 
journey  underground  the  water  loses  most,  often  all,  of  its 
organic  matter,  — remnants  of  vegetable  and  animal  matter, 
—  but  dissolves  mineral  matter  and  gases.  If  the  amount 
of  dissolved  matter  in  spring  water  is  large  or  the  kind  of 
matter  is  so  unusual  as  to  give  the  water  a  marked  taste  or 
medicinal  properties,  the  water  is  called  mineral  water. 
Water  containing  calcium  and  magnesium  compounds  is 
hard,  but  in  soft  water,  such  as  rain  water,  these  com- 
pounds are  absent. 

There  are  several  hundred  mineral  springs  in  the  United  States. 
Those  having  a  high  temperature  are  called  thermal,  as  at  Hot  Springs, 
Arkansas,  and  at  Bath,  England.  Many  contain  a  large  proportion  of 
common  salt,  as  at  Saratoga,  New  York.  Others  contain  alkaline  matter 
and  carbon  dioxide  gas,  eg,  Vichy  and  Apollinaris  water.  Sulphur 
springs  contain  solid  or  gaseous  compounds  of  sulphur  —  or  both  —  and 
have  valuable  medicinal  properties.  Some,  like  Hunyadi,  are  bitter; 
but  others,  especially  those  in  New  York  State,  which  contain  gaseous 
sulphur  compounds,  have  a  sweet  taste  but  an  unpleasant  odor.  Cha- 
lybeate waters  contain  soluble  iron  compounds.  Many  waters  contain 
lime  and  magnesium  compounds,  and  a  few  contain  alum.    Most  natural 
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mineral  waters  contain  traces  of  a  large  number  of  different  substflP 
Many  commercial  mineral  waters  have  doubtful  medicinal  value. 

River  water  obviously  contains  the  impurities  brought 
by  springs  and  the  surface  water;  it  is  also  often  made 
very  impure   by  decaying  animal  and   vegetable   matter, 
which  has  been  purposely  or  accidentally  introduced,  espe- 
cially if  the  river  passes  through  a  thickly  settled  region. 
A  sluggish  river  is  more  apt  to  be  impure  than  a  swift 
one,  because  the  latter  tends  to  purify  itself  by  exposing 
its  impurities  to  the  oxidizing  power  of  the  air.     Ocean 
water  contains  a  large  proportion  of  common  salt.     The 
other  substances  in  order  of  abundance  are  magnesium 
chloride,  magnesium  sulphate,  calcium  sulphate,  and  potas- 
sium sulphate ;  many  other  substances  are  present  in  small 
quantities.     The  peculiar  taste  of  ocean  water  is  due  to 
the  presence  of  these  substances,  and  since  by  evaporatiai 
the  water  only  is  removed,  the  ocean  always  has  a  "  salty  " 
taste.     The  proportions  of  the  solid  substances  in  ocean 
water  in  their  order  of  abundance  are  shown  in  the  fol- 
lowing:— 

Table  of  Solid  Sdbstances  in  the  Ocean. 

S.«B..KCH. 

Per  Cbnt. 

S„B,«KC. 

PnCrar. 

Sodium  Chloride     .     . 
Magnesium  Chloride    . 
Magnesimn  Sulphate   . 
Calcium  Sulphate    .     . 

77.76 

10.S8 
4-74 
3.60 

Potassium  Sulphate  .     . 
Calcium  Carbonate    .     . 
Magnesium  Bromide  .     . 
Other  Substances  .     . ,  . 

=.,6 

■34 

.21 

traces 

Drinking  Water.  —  Water  used  as  a  beverage   should 
of  course  be  as  pure  as  possible.     As  a  rule  the  minoal 
matter  in  water  selected  for  drinking  is  not  injurious  to 
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;alth ;  but  since  water  may  become  contaminated  with 
icteria  which  produce  diseases  such  as  typhoid  fever 
id  cholera,  it  is  usually  necessary  to  purify  the  water 
;fore  use. 

The  problem  of  obtaining  suitable  drinking  water  in 
rge  quantities  is  local.  The  water  of  many  cities  is  puri- 
;d  by  filtering  it  through  a  layer  of  sand  and  gravel,  an 
;re  or  more  in  area  and  several  feet  deep.  Such  a  filter 
:moves  bacteria  almost  completely,  though  it  must  be 
equently  cleaned.  Sometimes  the  water  is  stored  in  a 
rge  setthng  basin  or  reservoir  and  purified  by  adding 
um,  or  a  similar  substance,  which  causes  the  suspended 
latter  to  settle.  Ozone  is  used  as  a  purifier  in  some 
icaliries,  and  copper  sulphate  has  been  applied  with 
irying  results  to  stored  water  contaminated  with  certain 
inds  of  organic  matter.  Dissolved  substances  cannot 
s  removed  without  considerable  difficulty,  so  as  a 
lie  water  is  taken  from  a  source  which  is  reasonably 
ure. 

The  purily  of  drinking  water  is  usually  determined  by  a  water 
lalysis.  Tliis  is  not  a  decomposilioa  of  water,  but  a  chemical  exami- 
ition  of  a  sample  for  the  presence  and  amount  of  certain  substances 
hich  indicate  or  cause  impurity.  A  chemical  examination  is  of  limited 
ilue,  however,  unless  it  is  supplemented  by  a  microscopic  study  of  a 
esh  sample  and  a  rigid  sanitary  inspection  of  the  premises.  Water 
hich  is  dear,  sparkling,  cool,  attractive  to  the  eye,  and  pleasant  to  the 
ste  may  be  seriously  polluted  by  disease  germs,  or  may  be  liable  to 
idden  contamination  from  some  unsuspected  source.  On  the  other 
ind,  a  rather  unpleaaant-looking  water  may  be  harmless.  Hence  the 
:cessity  of  careful  and  extended  examination  of  water  to  be  used  as  a 

Water  may  be  purified  by  distillation.  This  operation  is  not  con- 
■nient  with  large  quantities.  It  is  performed  in  the  laboratoiy  in  a 
mlenser.  which  is  shown  in  Figure  6  armaged  for  use. 

sondenser  consists  of  an  outer  tube,  .-lA,  provided  with  an  inlet 
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and  an  outlet  for  a  current  of  cold 
tube,  BB.    Tlie  vapor  from  thi 


ater,  which  surrounda  the  inner 
boiling  in  the  tlask,  C,  condenses 


in  the  inner  tube,  owing  to  the  decrease  in  tempera.ture,  and  drops  ofl 
the  lower  end  of  this  tube,  as  the  distillate,  into  the  receiver,  D,  while 
the  impurities  remain  behind  in  the  fiask.  Distilled  water  is  prepared 
on  a  large  scale  in  metal  vessels,  and  the  vapor  is  con- 
densed in  a  block  tin  pipe  coiled  around  the  inside  ol 
a  vessel  through  which  a 
current  of  cold  water  is  flow- 
ing. This  coiled  pipe  is 
called  a  worm  (Fig.  7). 
Distilled  water  is  used  in 
the  chemical  laboratory ; 
large  quantities  are  made 
into  ice.  Distillation  is  an 
old  process,  A  quaint  still 
is  shown  in  Figure  S.  Dis- 
tillation is  the  process  used 
to  separate  liquids  from 
solids  and  from  each  other, 
and  finds  extensive  appli- 
cation in  the  manufacture  of  liquors  and  kerosene  oL 
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^Solution.  —  Many  solids,  liquids,  and  gases  disappear 
when  put  into  water.  This  operation  is  called  dissolving, 
or  putting  into  solution.  The  resulting  liquid  is  called  a 
solution  of  the  substance  used.  The  liquid  in  which  the 
substance  dissolves  is  called  the  solvent,  and  the  dissolved 
substance  is  called  the  solute.  If  the  solute  is  not  vola- 
tile, or  not  very  volatile,  it  may  be  recovered  by  evaporat- 
ing, or  distilling  off,  the  water.  The  degree  of  solubility 
is  usually  expressed  by  the  terms  slightly  soluble,  soluble, 
and  very  soluble.  It  is  more  accurate,  and  usually  desir- 
able, to  state  the  proportions  of  solvent  and  solute,  and 
also  the  temperature.  Thus,  instead  of  saying  that 
common  salt  is  very  soluble  in  cold  water,  it  is  better  to 
state  that  36  gm.  of  salt  dissolve  in  loo  gm.  of  water  at 
20"  C.  Substances  which  do  not  dissolve  in  water  are 
called  insoluble,  though  this  term  is  also  applied  to  those 
substances  a  minute  quantity  of  which  dissolves  in  water. 
Thus  glass,  sand,  and  many  rocks  are  usually  classed  as 
insoluble  substances,  but  they  dissolve  appreciably  in 
water. 

A  solution  which  contains  a  small  proportion  of  solute 
is  caUed  a  dilute  solution  ;  one  containing  a  large  propor- 
tion is  called  a  concentrated  solution.  Thus,  dilute  sul- 
phuric acid  usually  contains  one  volume  of  acid  to  three 
or  more  volumes  of  water,  while  concentrated  sulphuric 
acid  is  nearly  gS  per  cent  acid.  Sometimes  the  terms 
weak  and  strong  replace  dilute  and  concentrated,  but  they 
are  ambigiious,  and  their  use  should  be  avoided. 

Solutions  of  Gases.  —  Water  dissolves  or  absorbs  many 
gases.  The  degree  of  solubility  depends  upon  the  gas, 
the  temperature  of  the  water,  and  the  pressure  at  which 
solution  occurs.  Some  gases,  such  as  ammonia  and  hydro- 
chloric acid  gas,  are  very  soluble  in  water.     Thus,  one  vol- 
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lime  of  water  dissolves  1150  volumes  of  ammonia  gaa'fSr 
o°C.  and  760  mm.),  550  volumes  of  hydrochloric  acid  gas, 
and  80  volumes  of  sulphur  dioxide  gas,  hut  only  .02  of  a 
volume  of  nitrogen  gas. 

The  common  gases,  oxygen  and  hydrogen,  are  only  slightly  soluble 
in  water.  Air  dissolves  in  water,  as  may  easily  be  shown  by  heating 
faucet  water,  bubbles  of  air  forming  and  escaping  quickly  as  heat  is  ap- 
plied. Carbon  dioxide  gas  is  quite  soluble  in  water.  Water  containing 
this  gas  is  called  "soda  water,"  or  carbonated  water.  More  gas  is  forced 
into  the  water  than  will  dissolve  at  the  ordinary  temperature  and  pres- 
sure, as  may  be  seen  by  the  rapid  escape  of  gas  when  the  water  is  drawn 
from  a  soda  fountain.  This  rapid  escape  of  a  gas  is  called  efferveB- 
cence.  "  Soda  water  "  must,  therefore,  be  stored  in  a  strong  vessel  and 
kept  Ib  a  cool  place.  The  gas  was  formerly  obtained  from  sodium  bi- 
carbonate—  a  compound  related  to  "soda";  hence  the  name  "soda 
water."  It  is  now  prepared  from  marble  and  an  acid,  or  from  liquid 
carbon  dioxide. 

The  volume  of  gas  which  will  dissolve  in  water  decreases  with  rise 
of  temperature.  Thus,  100  ce.  of  water  at  o°C.  will  dissolve  179.6  cc- 
of  carbon  dioxide,  but  only  90.  (  cc.  at  ao"  C.  The  volume  of  a  mod- 
erately soluble  gas  which  is  dissolved  by  water  is  directly  proportional 
to  the  pressure  if  the  temperature  is  constant.  This  is  Henry's  Iw. 
It  is  illustrated  by  the  following — 

Table  of  Solubility  of  Carbon  Dioxide  Gas. 


VoL.OrWATBSAT<.=  C. 

Vol.  of  Cabbdm  Dioxide  UEAtLunBD 
UNDKB  Normal  CoMomosa. 

ll. 

900  CC. 
1800  C& 
3600  CC. 
7200  cc. 

a 
4 

The  tremendous  pressure  to  which  subterranean  ga: 
accounts  for  their  presence,  especially  carbon  dioxide,  ii 
portions  in  the  waters  of  mineral  springs. 
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Solutions  of  Liquids.  —  The  solubility  of  liquids  in 
water  varies  between  wide  limits.  Some,  such  as  alcohol 
and  glycerine,  are  soluble  in  all  proportions.  Oils,  such 
as  kerosene,  are  practically  insoluble;  hence  the  old  adage^ 
"  Oil  and  water  will  not  mix."  Carbon  disulphide  is  almost 
insoluble,  as  may  be  seen  by  the  formation,  after  agitation, 
of  two  distinct  layers  of  liquid.  The  existence  of  two 
layers,  however,  is  not  always  absolute  proof  of  insolubility. 
Ether  and  water  form  two  layers,  but  each  dissolves  appre- 
ciably in  the  other.  In  many  cases  a  rise  of  temperature 
increases  the  solubility  of  liquids  in  water. 

Solutions  of  Solids.  -~  The  solubility  of  solids  in  water 
is  a  matter  of  tremendous  practical  importance.  The 
abundance  of  water  and  its  power  to  dissolve  such  a  vast 
number  of  different  solids  have  led  some  to  call  water 
"the  universal  solvent."  The  far-reaching  effect  of  this 
marvelous  power  in  nature  and  its  indispensable  value  to 
man  have  been  considered.     (See  above.) 

The  degree  of  solubility  of  solids  in  water  varies  with 
the  substance  and  with  the  temperature  of  the  water. 
Some,  like  potassium  permanganate,  are  very  soluble,  while 
others,  like  calcium  sulphate,  are  difficultly  soluble.  In 
most  cases  solubility  increases  with  a  rise  of  temperature ; 
hence  the  common  practice  of  heating  to  hasten  solution. 
The  effect  of  increased  temperature  on  solubility  is  some- 
times very  marked,  the  solubility  being  increased  fourfold 
in  some  cases.  Calcium  hydroxide  is  less  soluble  in  hot 
than  in  cold  water,  while  common  salt  (sodium  chloride) 
dissolves  to  about  the  same  degree  in  each.  There  is  a 
limit  to  solubility.  That  is,  a  given  weight  of  water  at  a 
fixed  temperature  will  dissolve  a  definite  weight  of  solid 
and  no  more,  although  some  undissolved  solid  remains  in 
Hfe  water.     The  following  table  illustrates  these  properties. 
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Table  of  Solubility  of  Solids  m  Water. 


} 
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SOLUTIOH  IS   lOQ  Gk*IH 

So^™. 

O.W 

TS». 

x^C. 

™=c 

Calcium  chloride 

74 

'55 

Copper  sulphate  (cryst.) 

42 .3 

203.3 

Magnesium  sulphate      . 

36.2 

73.8 

Potassium  chlorate  .    . 

Potassium  chloride  .     . 

Potassium  dichromate   . 

Potassium  nitrate     .     . 

246 

Potassium  sulphate  .     . 

10.6 

36 

Sodium  chloride .     .     . 

36 

39-7 

A  solution  is  saturated  at  a  given  temperature  when  it 
will  dissolve  no  more  solid,  although  undissolved  solid  is 
present.  If  a  hot  solution  is  cooled  slowly,  the  solid 
soon  begins  to  separate  from  the  liquid,  since  solubility 
usually  decreases  with  a  fall  of  temperature.  Often  the 
solid  is  deposited  in  masses  having  a  definite  shape.  This 
operation  is  called  crystallization,  and  the  masses  axe 
called  crystals  (see  below).  The  shape  and  color  of  the 
crystal  are  characteristic  of  the  substance,  and  serve  to 
identify  it.  Thus,  common  salt  crystallizes  in  cubes. 
Sometimes  it  is  more  convenient  to  evaporate  a  hot,  con- 
centrated solution.  The  point  of  saturation  at  the  lower 
temperature  is  thus  reached  so  gradually  that  the  crystals 
can  grow  symmetrically.  A  brief  account  of  crystals  will 
be  found  in  §  3  of  the  Appendix. 

A  solid  can  also  be  separated  from  a  solution  by  pteci^ 
tation.  This  may  be  done  in  two  ways.  (1)  By  adding 
a  liquid  in  which  the  solid  is  not  very  soluble.     Thus,  when 
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water  is  added  to  an  alcoholic  solution  of  camphor,  the .■ 
liquid  becomes  turbid,  because  the  camphor  is  almost 
insoluble  in  water.  That  is,  the  solid  has  been  precipi- 
tated as  very  fine  particles  which  remain  suspended  in  the 
liquid  for  some  time.  Since  the  separated  solid  sooner  or 
later  falls  to  the  bottom  of  the  vessel,  it  is  called  a  precipi- 
tate. (2)  By  changing  the  dissolved  solid  into  another 
substance  not  soluble  in  the  liquid.  Such  chemical  changes 
are  examples  of  double  decomposition.  Thus,  when  so- 
dium chloride  solution  is  added  to  silver  nitrate  solution  a 
white,  curdy  precipitate  of  silver  chloride  is  formed.  A 
soluble  silver  compound  has  thus  been  changed  into  an 
insoluble  silver  compound,  thereby  removing  the  combined 
silver  from  the  solution.  So,  also,  a  soluble  chlorine  com- 
pound (sodium  chloride)  has  been  changed  into  an  insoluble 
chlorine  compound  (silver  chloride),  thereby  removing  the 
combined  chlorine  from  the  solution.  Precipitation  is  a 
very  common  operation  in  chemistry. 

Hot  concentrated  solutions  of  some  solids,  such  as  so- 
dium sulphate  and  sodium  thiosulphate,  deposit  no  crystals, 
even  when  the  solution  cools.  Such  solutions  are  super- 
saturated. Supersaturarion  can  occur  only  when  the  un- 
dissolved solid  is  not  present  Hence,  if  a  fragment  of 
the  solid  is  dropped  into  the  supersaturated  solution,  crys- 
tals soon  begin  to  form  upon  the  fragment,  and  this  sepa- 
ration "ontinues  until  just  enough  solid  is  left  in  solution 
to  produce  saturation  at  the  prevailing  temperature.  The 
amount  of  solid  thus  separated  is  often  very  great  and 
sometimes  forms  a  solid  mass  in  the  test  tube.  Saturation 
is  analogous  to  stable  equilibrium,  while  supersaturation 
resembles  unstable  equilibrium. 

Water  of  Crystallization.  —  Crystals  deposited  from 
the  water  solution  of  many  solids,  even  after  they  are  dried, 
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contain  water  which  is  a  part  of  the  compound.  This  watS" 
is  called  water  of  crystallization.  The  crystals  of  some  • 
compounds,  e.^.  sodium  carbonate  and  sodium  sulphate, 
lose  their  water  of  crystallization  and  crumble  on  exposure 
to  the  air.  This  property  is  called  efflorescence,  and  can 
be  explained  by  the  principle  of  vapor  pressure.  Sub- 
stances containing  water  of  crystallization  exert  vapor 
pressure.  If  this  vapor  pressure  is  greater  than  the  pres- 
sure of  the  water  vapor  in  the  atmosphere,  the  substance 
loses  water  until  the  vapor  pressures  are  equal  or  until  ail 
the  water  has  escaped. 

The  proportion  of  water  of  crystallization  in  crystals  is  not  arbitrary. 
It  is  constant  in  the  same  compound  when  crystallized  under  unifbrm 
conditions,  but  the  proportion  varies  between  wide  limits  in  different 
substances.  No  explanadon  has  been  given  of  the  varying  amount  of 
water  of  crystallisation,  nor  of  its  necessity  for  the  form  and  color  of 
some  crystals  and  not  for  others.  Some  well-cryslal!ized  substances 
contain  no  water  of  crystallization,  f.f.  potassium  nitrate,  potassium  ! 
dichromate,  sugar,  and  salt.  I 

Crystals  wiiich  have  lost  their  water  of  crystallization  by  heat  or 
exposure  to  air  are  said  to  be  dehydrated  or  anhydrous.  Thus,  the 
grayish  powder  obtained  by  heating  the  blue  crystallized  copper  sul- 
phate is  called  dehydrated  copper  sulphate. 

Deliquescence.  —  Many  substances  which  are  very  solu- 
ble in  water  absorb  water  when  exposed  to  the  air,  and 
become  moist,  or  even  dissolve  in  the  water.  Calcium 
chloride,  sodium  hydroxide,  and  potassium  hydroxide 
belong  to  this  class.  This  property  is  called  deliquescence, 
and  can  be  explained  thus :  Water  vapor  from  the  air  con- 
denses on  the  surface  and  produces  a  concentrated  solu- 
tion, which  has  a  vapor  pressure  lower  than  the  average 
pressure  of  the  water  vapor  in  the  air.  The  solution  con- 
tinues to  take  up  water  until  its  vapor  pressure  equals  the 
pressure  of  the  water  vapor  in  the  air. 
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mon  salt,  or  sodium  chloride,  often  appears  lo  deliquesce,  espe- 
cially in  damp  weather.  The  deliquescence  is  due,  however,  to  the 
presence  of  magnesium  and  calcium  chlorides.  Sodium  nitrate 
what  deliquescent,  and  cannot  be  used  in  the  manufacture  of  gunpowder, 
so  potassium  nitrate  is  used  instead.  This  property  of  deliquescence  is 
often  utilized  in  the  laboratory  to  remove  water  vapor  from  gases,  cal- 
cium chloride  being  especially  serviceable  for  this  purpose. 

Thermal  Phenomena  of  Solution.  —  Solution  is  often  accompanied 
by  an  appreciable  change  of  temperature.  When  sulphuric  acid  is  poured 
into  water,  heat  is  produced.  With  large  quantities  the  heat  is  so  great 
that  (he  mixture  often  boils,  and  sometimes  the  hot  add  is  spattered. 
Hence,  the  acid  should  be  added  slowly  to  the  water,  and  the  mixture 
constantly  stirred.  Other  substances  which  dissolve  with  the  liberation 
of  heat  are  fused  calcium  chloride,  potassium  hydroxide,  and  sodium 
hydroxide.  Some  which  dissolve  with  a  fall  of  temperature  are  crystal- 
lized calcium  chloride,  ammonium  nitrate,  ammonium  chloride,  and 
potassium  nitrate.     This  subject  is  still  under  investigation. 

Solution  and  Chemical  Action.  —  Probably  when  a  sub- 
stance dissolves  it  is  so  modified  that  it  can  participate 
more  readily  in  chemical  changes.  Hence,  solution  is  an 
aid  to  chemical  change,  and  is  often  an  easy  means  of 
causing  it.  Thus,  if  dry  tartaric  acid  and  sodium  bicar- 
bonate are  mixed,  there  is  no  evidence  of  chemical  action; 
but  when  the  mixture  is  poured  into  water,  the  copious 
evolution  of  carbon  dioxide  gas  is  conclusive  evidence  of  a 
chemical  change.  Similarly,  when  a  dry  mixture  of  ferrous  >  i 
sulphate  and  potassium  ferrocyanide  is  poured  into  water, 
the  immediate  appearance  of  a  blue  precipitate  shows  that 
the  water  was  needed  for  the  chemical  change.  Solution 
is  such  an  important  aic!  to  chemical  action  that  many 
substances  employed  in  the  laboratory  are  in  solution, 
and  many  processes  in  chemistry  are  "wet"  processes. 
Mention  has  already  been  made  of  the  application  of  this 
fact  to  many  industries. 
^Be  Nature  of  Solution  has  long  been  a  subject  of  specu- 
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lation  and  study.  The  problem  as  a  whole  is  still  unsoIwiP 
though  much  light  has  been  thrown  upon  the  question  by 
the  behavior  of  solutions  toward  an  electric  current.  Ac- 
cording to  prevailing  views  a  solution  which  does  not  con- 
duct electricity  contains  an  unchanged  solute,  while  a 
solution  which  does  conduct  electricity  contains  some  un- 
changed solute  together  with  particles  into  which  some  of 
the  solute  has  dissociated  {i.e.  split  up  or  decomposed). 
For  example,  a  solution  of  sugar  does  not  conduct  elec- 
tricity ;  hence  this  solution  consists  of  the  solvent  (i.e. 
water)  throughout  which  the  undecomposed  sugar  is  uni- 
formly distributed.  On  the  other  hand,  a  solution  of 
sodium  chloride  is  an  excellent  conductor  of  electricity; 
therefore  this  solution  consists  of  the  solvent  throughout 
which  are  distributed  some  undecomposed  sodium  chloride 
together  with  the  two  kinds  of  particles  into  which  a  portion 
of  the  sodium  chloride  has  dissociated.  The  particles  into 
which  the  solute  dissociates  are  called  ions.  They  are 
charged  with  electricity.  Certain  properties  of  solutions 
are  ascribed  to  the  nature  and  number  of  the  ions  in  the 
solution.  Thus,  the  sour  taste  of  acids  is  attributed  to 
hydrogen  ions. 

The  detailed  statement  of  the  nature  of  solutions  just 
given  is  a  condensed  form  of  the  theory  of  electrolytic 
dissociation.  This  theory  together  with  many  underlying 
facts  is  fully  discussed  in  later  chapters.  (See  Chapteis 
VIII  and  X.) 

BXEBCISBS. 

1.  Mention  several  familiar  properties  of  water. 

2.  In  what  forms  does  water  exist? 

3.  Give  tlie  per  cent  of  water  in  some  familiar  foods. 

4.  Develop  the  topics  r  fa)  water  is  an  erosive  agent ;  (6)  watet 
is  a  solvent  in  nature;  (c)  water  has  many  industrial  applications; 
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(d)  water  behaves  exceptionally  when  heated  from  0°  C.  to   10°  C. ; 
(^)  ice  floats ;  (/)  water  is  a  cleansing  agent. 

5.  Explain  these  expressions :  {a)  water  has  its  maximum  density 
It  4°  C. ;  {b)  the  density  of  ice  is  0.92 ;  (c)  steam  is  invisible ;  (d)  the 
lower  the  pressure,  the  lower  the  boiling  point ;  (^)  10  cc.  per  liter ; 
(y)  parts  per  million. 

6.  How  do  natural  waters  illustrate  the  solvent  power  of  water  ? 

7.  What  is  (a)  mineral  water,  (b)  soft  water,  (c)  hard  water, 
(</)  sulphur  water,  (e)  chalybeate  water? 

8.  What  does  ocean  water  contain  ?    Why  is  the  sea  water  salt? 

9.  What  constitutes  a  safe  drinking  water?  How  may  city  water 
be  purified  ?    What  is  a  water  analysis  ? 

10.  Describe  the  operation  of  distillation.  What  is  a  condenser 
and  why  is  it  so  named?  Is  distillation  a  new  or  an  old  process? 
Of  what  industrial  use  is  it? 

11.  Define  and  illustrate  (a)  water  of  crystallization,  (b)  efflores- 
cence, (c)  deliquescence,  {d)  hygroscopic,  {e)  anhydrous,  (/)  dehy- 
drated, {g)  crystal,  (h)  crystallization. 

12.  Define  and  illustrate  (a)  solution,  (Ji)  solvent,  {c)  solute, 
(d)  soluble,  {e)  slightly  soluble,  (/)  very  soluble,  (g)  insoluble, 
(^)  dilute,  (/)  concentrated,  (/)  saturated  solution,  {k)  supersaturated 
solution. 

PROBLEMS. 

1.  If  1.5  gm.  of  crystallized  barium  chloride  lose  0.22  gm.  when 
heated  to  constant  weight,  what  per  cent  of  water  of  crystallization 
does  it  contain  ? 

2.  If  2  gm.  of  another  lot  of  barium  chloride  lose  0.295  g"^*?  what 
per  cent  of  it  was  water  of  crystallization  ? 

3.  If  a  liter  of  sea  water  has  a  density  of  1.25,  how  many  grams  of 
^  salt "  does  it  contain  ? 

4.  If  the  density  of  ice  is  0.92,  what  volume  will  a  liter  of  water  at 
4°C.  occupy  when  frozen?  Ans.  1.087  !• 

5.  How  much  water  (approximately)  is  contained  in  {a)  2  lb.  of 
lobster,  (^)  56  lb.  of  potatoes,  (c)  i  lb.  of  tomatoes,  {d)  2  lb.  of  milk, 
{e)  I  lb.  of  white  bread,  (/)  a  human  body  weighing  150  lb.? 

6.  If  a  kilogram  of  sea  water  contains  36.4 gm.  of  "salt,"  what 
per  cent  of  the  water  is  "  salt "  ? 

7.  If  a  block  of  ice  weighs  280  kg.,  what  is  its  volume  ? 

Ans.  304.3  1. 


CHAPTER  V. 
COMPOSITION  OF  WATER. 

Water  was  considered  an  element  until  about  the  end 
of  the  eighteenth  century.  At  that  time  it  was  shown  to 
be  a  compound  of  hydrogen  and  oxygen.  Many  famous 
chemists  worked  on  this  problem. 

The  Composition  of  a  Compound  is  determined  either 
by  analysis  or  synthesis,  i.e.  by  taking  it  apart  or  putting 
its  parts  together.  Sometimes  both  methods  are  used, 
since  each  method  fortifies  the  other  and  strengthens  the 
final  conclusion.  These  methods  find  excellent  applicatioQ 
in  determining  the  composition  of  water. 

Analysis  and  synthesis  may  be  qualitative  or  quantitative.  A  quali- 
tative experiment  is  a  study  of  the  properties  of  e:Iements  and  com- 
*  pounds  with  a  view  of  discovering  what  they  contain.  A  quantitative 
experiment  is  an  accurate  determination  of  the  weight  or  volume  of  the 
components  of  a  compound.  Qualitative  tests  involve  merely  quality, 
while  in  quantitative  tests  quantity  is  the  essential  feature.  Obviously, 
a  complete  determination  of  the  composition  of  a  compound  requires 
both  tests. 

Water  contains  Hydrogen. — When  steam  is  passed 
over  heated  metals,  hydrogen  is  liberated.  Lavoisier's 
demonstration  of  this  fact  has  already  been  considered 
(see  Preparation  of  Hydrogen).  The  fact  that  sodium 
liberates  hydrogen  from  water  at  the  ordinary  temperature 
has  also  been  discussed  (see  ibid.).  If  red  litmus  paper  is 
put  into  the  water  from  which  the  sodium  has  liberated 
hydrogen,  the  litmus  paper  becomes  blue.     This  change 
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of  color  from  red  to  blue  shows  that  an  alkali  is  in  the 
water,  because  alkalies  turn  red  litmus  paper  blue.  The 
alkali  is  sodium  hydroxide,  and  it  may  be  obtained  as  a 
white  solid  by  evaporating  the  water.  Sodium  hydroxide 
is  a  compound  of  sodium,  hydrogen,  and  oxygen,  and  is 
formed  by  replacing  part  of  the  hydrogen  of  water  by 
sodium.  Since  sodium  liberates  hydrogen  from  water,  and 
forms  at  the  same  time  a  compound  —  sodium  hydroxide 
—  containing  hydrogen,  the  hydrogen  in  water  must  be 
divisible  into  two  parts.  Now  if  o.  i  gm.  of  sodium  is 
allowed  to  act  upon  water,  48.22  cc.  of  hydrogen  are  liber- 
ated ;  and  if  the  sodium  hydroxide  thus  formed  is  dried  and 
heated  with  sodium,  48.22  cc.  more  of  hydrogen  are  ob- 
tained. This  shows  that,  the  hydrogen  in  water  is  divisible 
into  two  equal  parts  —  a  fact  which  will  soon  be  utilized. 

Water  contains  Oxygen.  —  The  fact  that  oxygen  is  a 
component  of  water  has  already  been  suggested,  e.g.  (i) 
by  the  production  of  water  when  hydrogen  is  burned  in 
air,  (2)  by  the  formation  of  a  compound  of  iron  and  oxy- 
gen when  steam  is  passed  over  hot  iron,  and  (3)  by  the 
formation  of  sodium  hydroxide  when  sodium  acts  upon 
water.  These  proofs,  however,  are  all  indirect.  A  simple 
direct  demonstration  of  the  presence  of  oxygen  in  water 
may  be  made  by  allowing  chlorine  water  to  stand  in  the 
sunlight.  (Chlorine  water  is  prepared  by  saturating  water 
with  chlorine  gas  —  an  element  to  be  studied  in  Chapter 
XI.)  A  long  tube  like  that  shown 
in    Figure    9   is    completely   filled 


A. 


with  chlorine  water,  the  open  end  is    F1G.9.— Tube  for  decompo- 

•  J      .  1  ^   •    •  sition  of  water  by  chlorine. 

immersed    m    a  vessel    contammg 

some  of  the  same  solution,  and  the  whole  apparatus  is 
placed  in  the  direct  sunlight.  Bubbles  of  gas  soon  appear 
in  the  liquid,  and  after  a  few  hours  a  small  volume  of 
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gas  collects  at  the  top  of  the  tube.      This  gas  may  be 
shown,  by  the  usual  tests,  to  be  oxygen. 

The  Electrolysis  of  Water  is  its  decomposition  by  elec- 
tricity. It  is  accomplished  in  the  apparatus  shown  in 
Figure  I o.  Since  pure  waterdoes 
not  conduct  electricity,  sulphuric 
acid  is  added.  Enough  of  this 
acid  mi.\ture  is  poured  into  the 
apparatus  to  fill  the  reservoir 
half  full  after  the  stopcocks  have 
been  closed.  As  soon  as  an 
electric  battery  of  two  or  more 
cells  is  connected  by  wires  with 
the  piece  of  platinum  near  the 
bottom  of  each  tube,  bubbles 
of  gas  form  on  the  piatinum, 
and  as  the  action  proceeds,  the 
bubbles  rise  and  displace  the 
water  in  each  tube.  The  volume 
of  gas  is  greater  in  one  tube. 
Assuming  that  the  tubes  have 
the  same  diameter,  the  volumes 
are  in  the  same  ratio  as  their 
heights,  which  will  be  found  by 
measurement  to  be  two  to  one. 
The  larger  volume  of  gas  is 
hydrogen  and  the  smaller  one 
is  oxygen.  Many  accurate  repe- 
titions of  this  experiment  have  shown  that  only  hydrogen 
and  oxygen  are  produced,  and  that  the  ratio  of  their  volumes 
is  two  to  one.  It  has  also  been  shown  that  the  sum  of  the 
weights  of  the  two  gases  equals  the  weight  of  the  water 
decomposed.      The  whole  experiment   demonstrates  that 
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water  is  a  compound  consisting  of  two  volumes  of  hydro- 
gen combined  with  one  volume  of  oxygen. 

Water  was  first  decomposed  by  electricity  in  1800  by  Nicholson  and 
Carlisle.  Davy  confirmed  their  work  by  a  series  of  brilliant  experi- 
ments extending  through  a  period  of  six  years  (i  800-1 806).  During 
this  time  he  not  only  proved  that  the  volume  of  hydrogen  is  double  that 
of  oxygen,  but  by  electrolyzing  water  in  a  gold  vessel  placed  in  an  atmos- 
phere of  hydrogen,  he  proved  that  nothing  but  these  gases  is  produced. 

The  Quantitative  Composition  of  Water.  —  The  fore- 
going facts  about  the  composition  of  water  have  been 
mainly  quaUtative.  They  have  shown  by  analysis  and 
synthesis  that  water  consists  of  hydrogen  and  oxygen,  and 
that  the  ratio  of  their  volumes  is  approximately  two  to  one. 
Decisive  evidence  of  the  quantitative  composition  of  water 
is  obtained  by  a  determination  of  its  volumetric  and  its 
gravimetric  composition.  Volumetric  means  "by  volume" 
and  gravimetric  means  "by  weight." 

The  Volumetric  Composition  of  Water  is  determined 
by  exploding  a  mixture  of  known  volumes  of  hydrogen 
and  oxygen  in  a  eudiometer. 

Gas  volumes  which  are  to  be  compared  with  each  other  must  be  dry 
and  at  the  same  temperature  and  pressure.  This  requirement,  which  is 
called  the  "  standard  condition,"  is  inconvenient,  and  almost  impracti- 
cable. Hence,  it  is  customary  to  measure  each  volume  of  moist  gas 
under  the  existing  conditions,  and  then  reduce  the  observed  volume  to 
that  volume  which  the  gas  would  occupy  if  standard  conditions  pre- 
vailed. The  reduction  to  standard  conditions  is  accomplished  by  the 
formula  —  yf  (^pf  _  ^) 

"~  760(1  +  .00366  /)' 
In  the  formula  *  —    K  =  the  corrected  volume. 

y  =  the  observed  volume. 

1 A  complete  discussion  of  the  laws  of  gases,  the  principles  which  control  their 
measurement,  together  with  the  development  of  the  above  formula  for  reduction  to 
standard  conditions,  may  be  found  in  Appendix  B  of  the  author's  "  Experimental 
Chemistry."  See  also  the  Laws  of  Boyle  and  Charles  in  Chapter  II,  and  Vapor 
Density  in  Chapter  IV  (this  book). 
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A  convenient  form  of  apparatus  is  shown  in  Figure  iar 
The  copper  oxide  is  placed  in  the  combustion  tube,  CC, 
which  is  made  of  hard  glass.  The  Marchand  tube,  D, 
which  is  filled  with  calcium  chloride,  collects  and  retains 
the  water  formed  in  the  combustion  tube,  as  the  hydrogen 
passes  over  the  hot  copper  oxide.  The  tubes  A,  B,  and  E 
keep  moisture  out  of  the  apparatus.  The  experiment  is 
very  simple.  Copper  oxide  is  placed  in  the  combustion 
tube,  which  is  then  carefully  weighed.  The  Marchand 
tube,  being  filled  with  calcium  chloride,  is  also  weighed, 
After  the  other  tubes  are  properly  filled  and  the  hydrogen 
generator  adjusted,  the  tubes  are  connected  as  shown  in 
the  figure.  The  combustion  tube  is  now  heated,  and  mois- 
ture collects  in  it;  as  the  heat  increases  the  copper  oxide 
glows,  and  the  moisture  passes  into  the  Marchand  tube. 
When  the  operation  is  over  and  the  apparatus  is  cool  and 
free  from  hydrogen,  the  combustion  tube  and  Marchand 
tube  are  weighed.  The  gain  in  weight  of  the  Marchand 
tube  is  the  weight  of  the  water  formed,  while  the  loss  in 
weight  of  the  combustion  tube  is  the  weight  of  the  oxygen 
contained  in  this  water.  An  illustration  will  make  this 
clear.  Dumas  and  Stas,  who  performed  this  experiment 
accurately  in  1843,  found  substantially  that  the  combus- 
tion tube  lost  5.251  gm.  of  oxygen,  while  the  Marchand 
tube  gained  S-Qog  gm,  of  water.  Now  the  5-251  gm.  of 
oxygen  united  with  0,658  gm.  of  hydrogen  {i.e.  5.909  — 
5.251  =  0.658).  But  0.658  and  5.251  are  in  the  same  ratio 
as  I  and  7. 98.  This  ratio  is  very  nearly  i  to  8,  and  the 
gravimetric  composition  of  water  is  often  stated  as  i  part 
hydrogen  and  8  parts  oxygen.  Occasionally  the  gravi- 
metric composition  is  stated  in  per  cent,  the  values  being 
11.18  per  cent  hydrogen  and  88.82  per  cent  oxygen;  some- 
times it  is  stated  as  2  parts  hydrogen  to  16  parts  oxygen. 
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^'The  ratio  obtained  by  Dumas  was  scarcely  questioned 
until  a  few  years  ago.  It  now  appears  from  an  exception- 
ally accurate  determination  by  Morley  that  the  ratio  is  i  to 
7,9395,  He  effected  a  complete  synthesis  of  water  in  which 
the  oxygen,  hydrogen,  and  water  were  weighed,  This  ratio 
is  now  accepted  as  the  correct  one. 

The  gravimetric  composition  of  water  was  first  determined  about 
1820  by  Berzelius  and  Dulong.  Their  work  was  verified  by  Dumaa 
and  Stas  in  1843.     Morley's  synthesis  was  made  in  1895. 

A  ComparisoD  of  the  Volumetric  and  Gravimetric  Com- 
position of  Water  shows  that  the  results  of  the  two 
methods  agree.  One  volume  of  oxygen  is  sixteen  times 
heavier  than  an  equal  volume  of  hydrogen  (see  Density  of 
Hydrogen).  Therefore,  the  one  volume  of  oxygen  must 
be  eight  times  heavier  than  the  two  volumes  of  hydrogen 
in  water.  That  is,  the  oxygen  in  water  weighs  eight  times 
more  than  the  hydrogen.  But  this  is  the  ratio  actually 
found  in  determining  the  gravimetric  composition  of  water 
by  an  independent  experiment.  These  facts  strengthen 
our  belief  that  the  composition  of  water  is  approximately  — 

By  weight,  one  part  hydrogen  and  eight  parts  oxygen. 
By  volume,  two  parts  hydrogen  and  one  part  oxygen. 

Summary.  — The  following  facts  have  been  shown  con- 
cerning the  composition  of  water :  — 

(i)  Water  is  a  chemical  compound  of  hydrogen  and 
oxygen. 

(2)  It  is  formed  when  hydrogen  is  burned  in  air,  or 
when  a  mixture  of  hydrogen  and  oxygen  is  exploded. 

(3)  It  can  be  decomposed  by  electricity  into  hydrogen 
and  oxygen  in  the  ratio  of  two  volumes  of  hydrogen  to  one 
volume  of  oxygen. 
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(4)  Sodium  liberates  hydrogen  from  water  and  forms  at 
the  same  time  a  solid  containing  a  quantity  of  hydrogen 
equal  to  the  quantity  of  hydrogen  liberated.  Iron,  other 
metals,  and  carbon  liberate  hydrogen  from  water,  forming 
at  the  same  time  an  oxide  of  the  respective  substance. 

(5)  Chlorine  liberates  oxygen  from  water. 

(6)  Two  volumes  of  hydrogen,  when  exploded  with  one 
volume  of  oxygen,  combine  to  form  water,  and  the  weight 
of  the  water  formed  equals  the  weight  of  the  gases  used. 

(7)  Water  is  formed  by  the  union  of  two  parts  by  weight 
of  hydrogen  and  sixteen  parts  by  weight  of  oxygen. 

EXERCISES. 

1 .  How  is  the  composition  of  a  compound  determined  ?  \ 

2.  Define  (a)  synthesis,  {b)  analysis,  {c)  qualitative,  {d)  quantita- 
tive, {e)  volumetric,  (/*)  gravimetric. 

3.  How  would  you  prove  that  water  is  composed  of  hydrogen  and 
oxygen  ? 

4.  How  do  we  know  that  the  hydrogen  in  water  is  divisible  into  two 
equal  parts  ? 

5.  What  is  the  electrolysis  of  water?  How  is  it  accomplished? 
What  does  it  prove  about  the  composition  of  water  ?  When  and  by 
whom  was  it  first  performed  ?  What  did  Davy  contribute  toward  the 
solution  of  the  problem  ? 

6.  What  is  the  yolumetric  composition  of  water  ?  How  is  it  dete>- 
mined  ?  Wha  worked  on  this  problem,  and  what  did  each  contribute 
to  its  solution  ?  ' 

7.  Answer  the  same  questions  (as  in  6)  about  the  gravimetric  com- 
position of  water. 

8.  Compare  the  volumetric  and  the  gravimetric  composition  of 
water. 

9.  What  does  the  burning  of  hydrogen  show  about  the  composition 
of  water  ? 

10.  Summarize  the  essential  facts  regarding  the  composition  of 
water. 
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II.  Give  a  brief  biographical  account  of  (a)  Nicholson  and  Cariisle, 
C^)  Dumas,  (c)  Humboldt,  (d)  Stas,  (e)  Watt,  (/)  Gay-Lussac  (see 
Appendix,  §  4). 

PROBL£MS. 

1.  What  weight  of  (a)  hydrogen  and  (d)  oxygen  can  be  obtained 
by  decomposing  125  gm.  of  water  ? 

2.  What  volume  of  (a)  hydrogen  and  (d)  oxygen  can  be  obtained 
by  decomposing  9  1.  of  water  ? 

3.  What  weight  of  hydrogen  must  unite  with  i6  gm.  of  oxygen  to 
form  water  ?    What  weight  with  (a)  40  gm.,  (d)  70  gm.,  (c)  160  gm.  ? 

4.  What  volume  of  oxygen  must  unite  with  2  1.  of  hydrogen  to  form 
water  ?  What  volume  with  (a)  40  1.,  (^)  40  cc,  (c)  40  qt.,  (</)  95  vol- 
umes, (e)  160  1.  ? 

5.  What  volume  of  oxygen  is  necessary  to  unite  with  too  gm.  of 
hydrogen  to  form  water  ?  (Suggestion ;  What  is  the  weight  of  a  liter 
of  oxygen  /) 

6.  Hydrogen  is  passed  over  2.48  gm.  of  hot  copper  oxide,  which  at 
the  end  of  the  experiment  weighed  2.24  gm. ;  the  water  formed  weighed 
0.27  gm.     In  what  ratio  did  the  hydrogen  and  oxygen  combine  ? 

7.  Berzelius  and  Dulong,  in  1820,  obtained  the  following  results  in 
their  determinations  of  the  gravimetric  composition  of  water :  Loss  of 
weight  of  copper  oxide  (in  grams),  10.832  and  8.246.  Weight  of  water 
formed,  12.197  and  9.27.  Calculate  in  each  case  the  ratio  in  which  the 
hydrogen  and  oxygen  combined.    What  is  the  average  ratio  ? 

8.  Dumas  and  Stas  repeated  the  above  work  in  1843,  and 'found  as 
an  average  of  nineteen  determinations,  that  840.161  gm.  of  oxygen 
formed  945.439  gm.  of  water.    Calculate  the  ratio  of  combination. 

Hydrogen  Dioxide  is  a  liquid  composed  of  hydrogen  and  oxygen. 
But  the  proportion  of  the  components 'is  not  the  same  as  in  water.  It 
contains  two  parts  of  hydrogen  and  thirty-two  parts  of  oxygen  by 
weight.  It  is  often  called,  especially  in  commerce,  hydrogen  peroxide, 
because  its  relative  proportion  of  oxygen  is  greater  than  in  water  —  the 
other  hydrogen  oxide. 

It  is  manufactured  by  treating  barium  dioxide  (or  peroxide)  with 
sulphuric  or  hydrochloric  acid.  The  commercial  solution  has  a  vari- 
able strength,  and  usually  contains  three  or  more  per  cent  of  hydrogen 
dioxide.    It  has  a  sharp,  pungent  odor,  and  a  bitter,  metallic  taste. 
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Hydrogen  dioxide  b  an  unstable  ooDqxxmd ;  it  decomposes  slowly  at 
the  ordinary  tenq)eratuFe,  and  very  rapidly  if  heated.  The  dilute,  com- 
mercial solution  is  somewhat  stable,  but  heat  decomposes  it  completely 
into  water  and  oxygen.  The  ease  with  which  it  yields  oxygen  makes 
it  a  good  oxidizing  agent.  In  this  respect,  hydrogen  dioxide  resembles 
ozone,  and,  indeed,  they  are  sometimes  mistaken  for  eadi  other.  It  is 
also  a  reducing  agent,  and  is  frequendy  used  as  such  in  the  laboratoiy. 
It  is  used  extensively  to  bleach  animal  and  v^etable  matter,  such  as' 
human  hair,  ostrich  feathers,  fur,  silk,  wool,  cotton,  bone,  and  ivory.  It 
is  also  used  as  an  antiseptic  and  disinfectant  in  surgery.  Large  quanti- 
ties are  used  to  restore  the  color  to  hded  paintings — a  use  suggested 
by  Th^nard,  the  discoverer.  In  the  laboratory  it  is  proving  a  service- 
able reagent. 

Hydrogen  dioxide  is  found  in  the  air,  in  rain  and  snow,  but  the 
proportion  is  variable  and  exceedingly  smalL 


CHAPTER  VI. 
THE  ATMOSPHERE  —  HITROGEN. 

The  Atmosphere  is  the  great  mass  of  gas  surrounding 

the  earth  and  extending  into  space.  Its  estimated  height 
is  fifty  to  several  hundred  miles.  We  live  at  the  bottom 
of  this  vast  ocean  of  air,  as  it  is  often  called. 

Aristotle  (384-322  B.C.)  regarded  air  as  one  of  the  four  elementaiy 
principles  whose  combinations  made  up  all  substances  in  the  universe. 
The  other  three  were  earth,  lire,  and  water.  He  taught  that  air  pos- 
sesses two  fundamental  properties, —  heat  and  dampness.  The  early 
chemists  used  the  word  air  in  the  sense  in  which  the  word  gas  is  now 
enaployed.  Thus,  we  have  already  learned  that  hydrogen  was  first 
called  inflammable   air. 

The  terms  atmosphere  and  air  are  often  used  inter- 
changeably, though  by  air  we  usually  mean  a  limited  por- 
tion of  the  atmosphere.  Many  skillful  chemists  have 
studied  the  action  of  air  on  living  things,  its  relation  to 
combustion,  the  effect  of  its  weight,  its  composition,  and 
its  varied  properties.  Their  work  has  contributed  many 
fundamental  facts  to  science. 

General  Properties  of  the  Atmosphere.  —  Air  has 
weight.  We  often  use  the  expression  "light  as  air."  But 
a  cubic  foot  of  air  weighs  1.28  oz.  and  a  room  40  X  50  x  25 
ft  contains  about  two  tons  of  air.  The  total  weight  of  the 
atmosphere  has  been  estimated  to  be  five  thousand  millions 
of  millions  of  tons.  This  enormous  mass  resting  upon  the 
earth  exerts  a  pressure  which  is  about  fifteen  pounds  on 
every    square   inch.      This   amount   of   pressure   upon 
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square  inch  is  called  "an  atmosphere,"  and  it  is  sonflF- 
times  used  as  a  unit  of  pressure.  Thus,  three  atmospheres 
means  a  pressure  of  forty-five  pounds  per  square  inch.  It 
is  this  pressure  which  causes  water  to  rise  in  pumps  and 
flow  through  siphons.  Atmospheric  pressure  is  exerted 
in  all  directions  and  is  variable.  It  is  measured  by  the 
barometer.  The  normal  or  standard  pressure  of  the  at- 
mosphere is  equal  to  the  weight  of  a  column  of  mercury 
one  square  inch  in  cross  section  and  29.92  in.  high,  or  one 
square  centimeter  in  cross  section  and  760  mm.  high.  But 
since  atmospheric  pressure  is  at  the  rate  of  fifteen  pounds  to 
the  square  inch,  it  is  necessary  to  know  the  height  only 
of  the  mercury  column  in  order  to  know  the  pressure. 

The  pressure  of  the  atmosphere  varies  a^  the  height  and  the  compo- 
sition of  the  atmosphere  vary,  and  the  barometer  changes  accordingly.     | 
The  weight  of  a  liter  of  dry  air  at  0°  and  760  mm.  is  i  .293  gm.        ^J^l 

The  appreciable  movements  of  tjie  atmosphere  are  the  winda.    ^^^| 

Ingredients  of  the  Atmosphere.  —  The  atmospherc'SWi 

mixture  of  several  gases.  But  since  this  mixture  always 
contains  about  78  parts  of  nitro<^en  and  3i  parts  of  oxygen 
by  volume,  we  often  speak  of  air  as  consisting  solely  of 
these  two  gases.  Besides  this  large  proportion  of  oxygen 
and  nitrogen,  the  air  always  contains  small  and  variable 
proportions  of  water  vapor  and  carbon  dioxide  gas.  Be- 
sides these  four  ingredients,  air  always  contains  the  gases 
argon  and  helium,  and  usually  ozone,  hydrogen,  hydrogen 
peroxide,  compounds  related  to  ammonia  and  nitric  acid,  , 
dust,  and  germs.  The  composition  varies  but  slightly  in 
different  localities.  Near  the  city  air  may  contain  a  rela^ 
lively  larger  proportion  of  dust,  ammonia,  sulphur  com- 
pounds, and  acids  ;  in  the  country  the  proportion  of  ozone 
is  relatively  large ;  at  the  ocean  the  air  contains  considn>-  1 
able  salt 
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General  Properties  of  Nitrogen.  —  The  chemical  ele- 
ment, nitrogen,  constitutes  about  yS  per  cent  of  the  atmos- 
phere (by  volume).  It  is  a  colorless  gas,  and  has  no  taste 
or  odor.  It  is  somewhat  lighter  than  air,  and  is  very 
slightly  soluble  in  water.  In  many  respects  it  (iiffers 
markedly  from  oxygen.  Thus  it  will  not  support  combus- 
tion, neither  will  it  burn  nor  sustain  life.  Animals  die  if 
left  in  nitrogen. 

The  fact  that  a  candle  flame  quickly  goes  out  and  a  mouse  soon  dies 
in  nitrogen  was  first  observed  by  Rutherford,  an  English  physician, 
who  discovered  the  gas  in  1772.  Soon  after,  Lavoisier  showed  the  true 
relation  of  nitrogen  to  the  atmosphere.  To  emphasize  the  inability 
of  the  gas  to  support  life,  he  called  the  new  gas  azote,  the  name  now 
used  for  it  by  some  French  chemists. 

Nitrogen  is  not  poisonous,  for  a  large  proportion  of  the 
air  we  breathe  is  nitrogen.  Its  function  in  the  atmosphere 
is  to  dilute  the  oxygen.  It  is  an  inert  element.  It  com- 
bines with  only  a  few  other  elements,  and  many  of  its 
compounds  easily  decompose. 

Oxygen  and  Nitrogen  in  the  Atmosphere.  — The  chem- 
ical activity  of  the  atmosphere  is  due  to  the  free  oxygen 
it  contains.  We  have  already  learned  that  oxygen  is  an 
active  chemical  element.  If  the  air  were  largely  oxygen, 
rusting  and  decay  would  proceed  with  astounding  rapidity, 
and  fires  once  started  would  burn  with  great  violence.  On 
the  other  hand,  nitrogen  is  inactive.  And  if  the  air  con- 
tained much  more  than  the  normal  amount,  chemical 
action  would  be  slower.  Oxygen  alone  is  too  active, 
while  nitrogen  alone  is  inactive.  To  be  serviceable  to 
man,  oxygen  must  be  diluted  with  nitrogen,  while  nitro- 
gen must  be  accompanied  by  a  small  proportion  of 
oxygen. 
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The  presence  of  oxygen  and  nitrogen  in  the  atmosphere,  and  tft  ■' 
functions  of  the  two  gases,  were  first  dearly  explained  by  Lavoisier  in 
(777,  though  many  others  —  Boyle,  Priestley,  Rutherford,  and  Scheele 
—  helped  solve  the  problem. 

Composition  of  the  Atmosphere.  —  Samples  of  air  from 
various  parts  of  the  globe  show  a  remarkable  uniformity 
of  composition.  Until  1895  it  was  supposed  that  pure  air 
consisted  solely  of  oxygen  and  nitrogen.  But  it  has  been 
found  that  about  two  per  cent  of  the  gas  hitherto  called 
nitrogen  is  argon,  a  gas  so  much  like  nitrogen,  and  so 
difficult  to  separate  from  the  latter,  that  for  years  it  had 
been  overlooked  (see  Argon,  below).  According  to  the 
most  recent  results,  the  following  is —  t*^! 

The  Composition  op  Pure  Dry  Air.  ^^H 
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The  composition  of  the  atmosphere  was  studied  by  Priestley,  but  his 
results  were  conBicting.  Cavendish,  in  1781.  was  the  first  to  show  that 
the  proportion  of  oxygen  and  nitrogen  in  air  is  nearly  constant.  Since 
his  time  this  result  has  been  confirmed  by  many  chemists,  especially  by 
Bunsen,  who  is  widely  known  as  the  inventor  of  the  Bunsen  burner, 
which  is  used  as  a  source  of  heat  in  chemical  laboratories. 

The  Volumetric  Composition  of  the  Air  may  be  found 
by  introducing  a  known  volume  of  pure  air  into  a  eudiom- 
eter and  exploding  it  with  a  known  volume  of  hydrogen. 
The  oxygen  of  the  air  combines  with  twice  its  volume  of 
hydrogen,  forming  a  minute  quantity  of  water;  hence  one  | 
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'of  the  diminution  in  volume  is  the  volume  of  oxygen 
e  air.  The  difference  between  the  volume  of  oxygen 
i  and  the  original  volume  of  air  is  the  volume  of 
gen  and  argon. 

.  illustration  will  make  this  experiment  clear.  Suppose  (i)  we 
ad  explode  loocc.  of  air  and  50  cc.  of  hydrogen,  or  150CC.  in  all, 
2)  that  the  residue  measures  87  cc.  Now,  1 50  —  87  =  63,  hence 
of  the  total  volume  combined  to  form  water.  But  one  third  of 
is  oxygen,  which  came  from  the  original  volume  of  air.  Hence, 
3  =  21,  the  volume  of  oxygen  in  100  cc.  of  air.  The  remainder, 
:.,    is    nitrogen    and 
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lOther  Method,  often 
:o  determine  the  volu- 
:  composition  of  the 
i  based  on  the  fact 
)hosphorus  will  com- 
slowly  with  oxygen, 
at  the  ordinary  tem- 
ire.  The  operation  is 
med  in  an  apparatus 
at  shown  in  Figure  13. 
ce  of  phosphorus,  C, 
led  to  a  wire,  is 
ed  into  a  graduated 
tube,  B,  containing  a 
ired  volume  of  air. 
*  fumes  indicate  im- 
te  action.  These 
are  solid  particles 
oxide  of  phosphorus 

phosphorus  pentoxide.  They  soon  dissolve  in  the  water,  which 
ligher  in  the  tube,  as  the  oxygen  combines  with  the  phosphorus. 
Few  hours  the  phosphorus  is  removed,  and  the  volume  of  gas  is 
The  difference  between  the  first  and  last  volumes  is  oxygen.  The 
maining  in  the  tube  is,  of  course,  a  mixture  of  nitrogen  and  argon, 
forming  this  experiment  unusual  care  must  be  taken  not  to  touch 
osphorus  with  the  dry  hands. 


Fig.  13.  —  Apparatus  for  determining  the  com- 
position of  air  by  phosphorus. 
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The  Gravimetric  Composition  of  Air  was  first  accuratelj 
determined  in  1841  by  the  French  chemists,  Dumas  and 
Boussingault.      The  average  result  of  many  experiments 

Oxygen  ....     23  parts  by  weighL 
Nitrogen      ■     •     •     77  parts  by  weight 

We  know,  however,  that  the  correct  proportions  are  — 
Oxygen  ....  23.024  parts  by  weight. 
Nitrogen  .  .  .  75.539  parts  hy  weight. 
Argon     ....        1-437  parts  by  weight. 

They  passed  pure  air  througli  a  weighed  tube  containing  copper,  and 
arranged  so  tlial  heat  could  be  applied.  The  oxygen  of  the  air  com' 
bined  with  the  copper,  while  the  nitrogen  passed  on  into  a  weighed  globe. 
Both  tube  and  globe  increased  in  weight.  The  increase  in  the  tube  was 
the  weight  of  the  oxygen,  while  the  increase  in  the  globe  was  the  weighl 
of  the  nitrogen. 

Water  Vapor  in  the  Atmosphere.  —  Water  vapor  is 

always  present  in  the  atmosphere,  owing  to  the  constant 
evaporation  from  the  ocean  and  other  bodies  of  water. 
The  total  amount  present  is  large,  though  variable.  A 
given  volume  of  air  will  absorb  a  definite  volume  of  water 
vapor  and  no  more,  and  the  amount  depends  largely  upon 
the  temperature.  Air  containing  its  maximum  amount  of 
water  vapor  is  said  to  be  saturated  at  that  temperature,  or 
to  contain  100  per  cent  of  water  vapor.  The  saturation 
point  is  also  called  the  dew  point.  On  a  pleasant  day 
the  relative  humidity,  i.e.  the  relative  amount  of  water 
vapor  present,  may  vary  from  30  to  90  per  cent,  the  aver- 
age being  about  50  per  cent.  Warm  air  holds  more  vapor 
than  cool  air.  The  amount  of  water  vapor  in  the  air  has 
a  marked  influence  on  the  physical  condition  of  man. 
The  depressing  weather  during  *'  dog  days  "  is  due  to  the 
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high  relative  humidity  of  the  air,  which  sometimes  reaches 
95  per  cent.  The  absence  of  Hfe  in  deserts  is  largely  due 
to  the  dry  air  ahove  them.  Much  of  the  languor  felt  in  a 
"close"  room  or  crowded  hall  is  partly  caused  by  the 
excess  of  water  vapor  in  the  "bad"  air.  The  presence  of 
water  vapor  in  the  air  is  shown  by  the  moisture  which  col- 
lects on  the  outside  of  a  vessel  containing  cold  water,  such 
as  a  pitcher  of  iced  water.  The  moisture  comes  from  the 
air  around  the  vessel.  For  a  similar  reason,  water  pipes 
in  a  cellar  and  the  cellar  walls  themselves  are  moist  in 
summer.  The  deliquescence  of  calcium  chloride,  common 
salt,  and  other  substances  likewise  reveals  the  presence  of 
"water  vapor  in  the  air  {see  Deliquescence). 

When  the  temperature  of  the  air  falls,  the  water  vapor  condenses  and 
is  deposited  in  the  form  of  dew,  rain,  fog,  mist,  frost,  snow,  sleet,  or 
hail.  The  cloud.s  are  masses  of  water  vapor  which  has  been  condensed 
by  the  cold  upper  air. 

Carbon  Dioxide  in  the  Atmosphere.  —  Carbon  dioxide 
is  one  product  of  the  respiration  of  animals,  and  of  the 
combustion  and  decay  of  organic  substances.  By  these 
processes  an  immense  quantity  of  carbon  dioxide  is  being 
constantly  poured  into  the  atmosphere.  The  quantity  in 
the  atmosphere  is  variable,  though  not  between  such  wide 
limits  as  the  water  vapor.  The  proportion  in  normal  air 
is  about  4  parts  in  10,000  parts  of  air.  Over  the  ocean 
the  proportion  is  smaller,  but  in  the  air  of  cities  it  is 
greater.  In  crowded  rooms  the  proportion  is  often  as 
high  as  33  parts  in  10,000,  because  carbon  dioxide  is 
exhaled  faster  than  it  can  be  removed.  The  proportion  of 
carbon  dioxide  in  fhe  atmosphere  as  a  whole  is  practicaily 
constant,  largely  owing  to  the  fact  that  this  gas  is  an 
essential  food  of  plants  (see  Carbon  Dioxide).  The  pres- 
ence of  carbon  dioxide  in  the  air  is  detected  by  limewater 
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If  timev-ater  is  exposed  to  ihe  <ur.  tbe  carbon  dioxide  unites  with  the 
lin«  in  the  lime  water,  fonnir*^  a  ihin.  white  cmst  of  insoluble  caldum 
cartv>aa:e  on  the  surface  of  the  I:n:etrarer.  If  air  is  drawn  through  lime- 
water,  the  liquid  b»econies  :r.:'.ky,  because  the  panicles  of  calcium  carbon- 
ato  are  sus'.'^ended  in  the  *::c-ii.  The  r^jritr  of  air  is  onen  determine 
bv  f.r.dinc  «x:*  what  r^rovoTtacz  of  carbc^a  dioEde  it  contains.  If  a 
kriO"«  n  voiunio  of  drr  air  i>  dra^n  thrji::^  a  known  vcdght  of  limewater 
or  s;r.vl'.ar  iiqdd,  the  increase  i-  -w-iirh:  ^-22.  be  the  weight  of  carbon 
dk^xioe  in  ;he  volur.w  of  air  ;2sed. 

The  diffcTXMit  ci?i05  :r.  the  Arr.:».i5phere  are  not  arranged 
i:i  lA>er?  .^oo^^nvhic  t<^  :he:r  ier.sit5e&.  Thev  are  in  con- 
s^rar.:  e::v;:u:K">n  '.see  Pirfi^^jvrr.  l  Hence  carbon  dioxide, 
:ho;ij;h  heavier  thA.:  o.x)ce.7.  ir-i  r.:trctgen  (volume  for  vol- 
ur.'^e>.  o.'^e^  r.o:  rer.'-.-iiri  r^e-iresC  the  zround,  but  is  distrib- 
ured  :h:\x;i:h  the  3s.t.  Ir.  «  re-w  exceptional  localitiesi 
ojirbon  di.'^vkSe  ^rific^  :r,->7.:  v:jc-5.::,'^es  faster  tha-n  it  can 

Ar^Ton  in  the  Atxnf^pbere.  —  Ariron  is  a  colorless,  odor- 
k*s>  c-s.  Irs  .''^.^^:  .■^hir.^cre.T'isri."^  is  its  chennca]  inactiviR 
y^r  .■*o-.v.v«..r^/:>  x  i^.vcvi-  >.-->'e  as  vet  been  prepared  or 
,-;is,vx\-.v,".  Tr^e  r.r.r.-^e  arjron  is  h&ppily  cbosen,  being 
, '  V  ■ .  ■  \  \ \".  :  :\"> -.v  v"  "ei"' k  >» •  :r::\  >  s~. c'r. . :  > " i  r. c  inCTt.  F our  volumes 
, . :   ; .  ■;^ .  1 . '   :";  iss.'i :  w    .  r    .  .v  >•.■"..  r.-^ .>  :ti  w^rer.     Iji c  ui d  and 

<',"l  ■  ".     ■       I  '■.  ■       \*    "  S   "»       ■■■  --.-•  -N-  -/■■•-»    • 

*.  jj.^i  vuv  jm,\  ^^»v,■  ;i  >s:>  :  ■  Kf.-.i:^ip^h  am'.  Iwussav.  Kajleigh 
!i.;.  i,\Mn.  :ii:  :  ii-:  ■."^j^^M  I  .im  r^i  vvj^'h^v.  TTitiTT  Thar,  sn  egoal  Tohnoe 
,\  ::!'  .\;.'-.-i  .i:i;:i.n.\  !  .HT  ,\ .Mi.wi : n,:v  .-^  iiir'.Tnr^ri.  ConRcqiientlT,  they 
:^.'i:.^ -,'.  !..!  ;'».  I.'."  .\j-,-i  f"-,wi  :ii  »'. i!-";;!!!!;'.'  iinoThrrT  £jas  hitheTto  ovcf" 
..V*;  ■.  <,'  K'^  .»    ,:.i:v\  .  \   ;\.v»m;MiN  shr*\"er.  that  after  all  the 

^'.  I  ..M,    :p:  .vj-.'i  \  j^  \':-.i,  ■-/.   :  .Ml    Mr-iti:»..  air.  there  still  remained 

.    V-....".    , .\    .    l^'^     i  5*»    ^   !■■.  •     :'■.■     »Mll;»f    ilTpfOFi.      It  maT  be  pTC- 

.:m'^:;^    >■.:-.  ''. -v.   r.v..-,:^-  u  Temove  the  oxTgen. 

:•■..   ■,:!.;  ■..  -.^  ,  >  .■  -.'   'V    ',-.   ■'.. '.^- n;v;i;i TV.  ov  caldum  to  remote 

.   ■    v.:      .^  -.wv-.^  .  ..•■  ■.  <-..i-<-  Through  a  mixture  of  air 

jj,  :.  ..:'..    •,-ni.'  :!^^    :'.  ,•  ■■v.  \  ■..  ;•..   ,.  .tv  '^r.  and  niiTf^fm  a§  ^rt 
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^a  is  formed.  The  latter  method  is  a  repetition  of  the  one  used  by 
Zavendish  when  he  determined  the  composition  of  air,  and  he  would 
lave  no  doubt  discovered  argon  had  he  continued  hia  investigations. 

Inert  Gaees  in  the  Atmosphere.^  Helium,  neon,  krypton,  and  xenon 
lave  recently  been  discovered  by  Ramsay.  At  present  little  is  known 
ibout  these  gases.  They  resemble  argon  in  being  inactive  chemical 
ilements.  They  constitute  an  exceedingly  minute  proportion  of  the 
ttmosphere.  Heliurn  is  also  found  in  certain  rare  minerals,  in  the  gases 
Tom  Eome  mineral  springs,  and  in  the  atmosphere  of  the  sun.  It  is 
about  twice  as  heavy  as  hydrogen.  According  to  reliable  authority, 
helium  is  one  of  the  substances  formtd  by  the  "decay"  of  radium. 
(See  Radio-activity.) 

Air  is  a  Mixture,  in  spite  of  the  fact  that  we  speak  of 
its  "composition."  Chemical  compounds  have  two  invari- 
able characteristics :  viz.,  { i)  their  components  are  in  a  fixed 
proportion,  and  (2)  their  formation  and  decomposition  are 
usually  attended  by  definite  evidences  of  chemical  action, 
such  as  light,  heat,  change  of  color  and  form,  etc.  The 
following  facts  show  that  air  is  a  mixture  of  free  gases :  — 

(i)  The  proportion  of  oxygen  and  of  nitrogen  is  not 
fixed,  but  varies  between  small  limits,  which  may  be 
detected  by  accurate  analysis. 

(2)  When  nitrogen  and  oxygen  are  mixed  in  the  propor- 
tions which  form  air,  the  product  is  exactly  like  air,  but 
the  act  of  mixing  gives  no  evidence  of  chemical  action. 

(3)  When  air  is  dissolved  in  water,  a  greater  proportion 
of  oxygen  than  of  nitrogen  dissolves.  If  the  oxygen  and 
nitrogen  were  combined  in  the  air,  the  dissolved  air  wotdd, 
of  course,  have  the  same  composition  as  air  itself. 

Liquid  Air  is  a  mixture  of  the  liquefied  gases  which  con- 
stituted the  air  used.  It  is  a  milky  Hquid,  owing  to  the 
presence  of  sohd  carbon  dioxide  and  ice.  If  these  solids 
are  removed  by  filtering,  the  filtrate  has  a  pale  blue  tint. 
It  is  shghtly  heavier  than  water.     It  is  intensely  cold,  its 
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temperature  being  about  —  200°  C.  It  boils  at  about 
— 190°  C.  under  atmospheric  pressure.  If  a  tumbler  is 
filled  with  liquid  air,  the  latter  boils  \-igorously,  the  sur- 
rounding air  becomes  intensely  cold,  frost  gathers  on  the 
tumbler,  and  in  a  short  time  the  liquid  air  will  have 
entirely  disappeared  into 
the  air  of  the  room.  If, 
however,  the  liquid  air  is 
placed  in  a  Dewar's  bulb 
or  fiask,  it  evaporates  so 
slowly  that  some  will  remain 
in  the  flask  several  hours. 

The  Dewar's  bulb  (Fig.  14) 
consists  of  two  Basks,  one  within 
the  other,  atOcbed  al  the  top ;  the 
space  between  liie  flasks  is  1 
mum.  SometiiBes  the  oatar 
suT&ce  of  the  inner  flask  is  coated 
with  meieury  or  silver,  wUch 
helps  to  protect  the  Qqnid  adrlroo 
the  beat  of  the  umospbetE.  is 
transpoititig  Equid  air  k  b^ 
Dewar's  bulb  or  Kmafar  dience  is 
lEedv  One  iira  conssts  df  1 
large  laeUl  ^u  wrapped  w& 
nonv'  AickiKsses  of  felt  and  dipped  into  a  t"^v  o^  coviered  with 
camas  or  feh.  TV  Gqiiid  air  fe  pot  in  tfae  inner  cm  and  a  hwM 
stopper  or  piece  of  6rtt  b  pfaced  (H«r  tfce  aiiouch.  The  Equtd  aof  also 
be  kept  ia  tfaese  caas  far  some  tme  with  00I7  3  aoderate  ksSr  tndcs 
tbe  sarrooacfiiig  temperature  b  excepaoaaHy  bi^. 

Liquid  3ir,  owing  to  its  extremelT  tow  temperature;  pP>- 
duces  remarkable  physical  changes.  A  tin  or  iroo  vesad 
which  has  btfco  cooled  by  liquid  air  is  so  brittle  that  it  may 
oftsa  be  crushed  with  the  fingers.  Nearly  all  plastic  of 
soft  substances,  including  mant  kinds  of  food,  wfaeo  in- 
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lersed  in  liquid  air,  become  hard  and  brittle,  leather  being 
le  only  important  exception.  Mercury  freezes  so  hard  in 
quid  air,  that  it  may  be  used  as  a  hammer  to  drive  a  nail. 
Vhen  liquid  air  is  put  in  a  teakettle  standing  on  a  block 
f  ice,  the  liquid  air  boils  vigorously.  If  the  kettle  of 
quid  air  is  placed  over  a  lighted  Bunsen  burner,  frost  and 
2C  collect  on  the  bottom  of  the  kettle,  because  the  intense 
old  of  the  kettle  solidifies  the  water  vapor  and  carbon 
lioxide,  which  are  the  two  main  products  of  burning 
Humiliating  gas.  If  water  is  now  poured  into  the  kettle, 
he  liquid  air  boils  over  and  the  water  is  instantly  frozen ; 
he  water  is  so  much  hotter  than  the  liquid  air  that  the  latter 
)oils  more  violently,  and  since  its  rapid  evaporation  causes 
ibsorption  of  heat,  the  water  gives  up  its  heat  and  becomes 
ce.  Ordinary  liquid  air  is  from  one  half  to  one  fifth  liquid 
oxygen,  and  will  support  combustion.  A  red-hot  rod  of 
steel  or  of  carbon  burns  brilliantly  in  this  cold  liquid. 

Numerous  applications  of  liquid  air  have  been  proposed,  but  thus  far 
they  have  not  passed  the  experimental  stage.  It  has  been  suggested 
that  it  be  used  as  a  refrigerant  instead  of  ice,  for  ventilating  arid  cooling 
rooms,  as  a  blasting  material,  for  removing  diseased  flesh  from  a  wound, 
for  destroying  refuse,  and  as  a  commercial  source  of  oxygen.  The  last 
use  is  based  primarily  on  the  &ct  that  as  liquid  air  evaporates,  the 
nitrogen  passes  off  first,  and  in  a  short  time  relatively  pure  oxygen 
remains  (see  Oxygen). 

A  little  liquid  air  was  produced  in  1883  with  considerable  labor  and 
at  an  enormous  expense.  Now  it  is  easily  manufactured  in  large  quan- 
tities at  a  comparatively  low  cost.  In  the  older  methods  of  preparing 
liquefied  gases,  the  gas  was  subjected  to  tremendous  pressure  and  a  low 
temperature.  At  present,  air  (and  other  gases)  is  liquefied  by  a  differ- 
ent method.  Compressed  air  cooled  by  water  is  forced  through  a  pipe 
with  a  valve.  As  it  escapes  through  the  valve,  it  expands  and  its  tem- 
perature falls,  because  expansion  is  a  cooling  process.  This  cold  air  is 
led  back  over  the  outside  of  the  same  pipe  and  cools  the  air  inside. 
This  cooling  process  is  continued  until  finally  the  air  expanding  at  the 
valve  liquefies  in  part 
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NFTROGEN. 

Occurrence.  —  Nitrogen,  besides  comprising  four  fifths 
of  the  atmosphere,  is  a  component  of  nitric  acid  and  am- 
monia, and  of  the  many  compounds  related  to  them.  It 
is  also  an  essential  constituent  of  animal  and  vegetable 
matter. 

The  name  nitrogen  was  given  to  the  gas  by  Chaptal  from  the  £ict 
that  it  is  a  component  of  niter,  an  old  name  of  potassium  nitrate. 

Preparation.  —  Nitrogen  is  usually  obtained  from  the  air  by  remov- 
ing the  oxygen  by  phosphorus.  A  tall  jar  is  placed  over  burning 
phosphorus  contained  in  a  shallow  dish  floating  in  a  large  vessel  of 
^^'ater.  The  oxygen  combines  with  the  phosphorus,  leaving  nitrogen, 
more  or  less  pure,  in  the  jar.  Other  methods  may  be  used,  sudi  as 
decomposing  ammonium  nitrite  by  heat,  or  passing  air  over  heated 
■^     copper. 

^^  Y  *   ^^       Additional  Properties —  In  addition  to  its  inertness,  already  men- 

^  )f       tioned,  nitrogen  is  a  little  lighter  than  air.  and  is  very  sparingly  solubk 

^  1^  >  in  water.     Its  density  is  0.972  (air  =  i ) .    One  liter  at  0°  C,  and  760  mm. 

,       weii:;hs  1  2507  gm.    One  hundred  liters  of  water  dissolve  only  1.5  1.  at  the 

<^  ^   .^    oixiinary  torn {>er.it are.     It  combines  ^ith  magnesium  and  a  few  other 

metals  .it  a  rod  lieat.  forming  nitrides.    Electric  sparks  cause  nitrogen  to 

ci-^mhino  with  oxygen  and  with  hydrogen,  forming  ultimatdy  nitric  add 

and  animoni.!.  hence  these  substances  or  others  related  to  them  aie 

often  found  in  the  rain  which  falls  during  a  thunder  storm. 

Relation  of  Nitrogen  to  Life.  —  Oxygen,  carbon  diox- 
ide, and  water  vapor  are  essentially  related  to  the  life  of 
]Mants  and  animals.  Nitrogen  is  also  vitally  connected 
with  diiTerent  forms  of  life.  Atmospheric  nitrogen  merely 
ililutes  the  oxygen.  Although  we  live  in  an  atmosphere 
containing  such  a  large  proportion  of  nitrogen,  we  cannot 
assimilate  it.  .According  to  a  reliable  authority,  "the  air 
as  it  leaves  the  Inngs  contains  ,*"o.5  per  cent  of  nitrogen," 
and  hence  cannot  Ivcome  a  part  of  the  body.  Yet  all  flesh 
contains  nitrogen,  and  the  rejected  waste  products  of  ani* 
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nals  are  largely  combined  nitrogen.  The  nitrogen  needed 
)y  animals  must  be  in  combination  to  become  available. 
\nd  it  is  taken  in  the  form  of  nitrogenous  food,  such  as 
can  meat,  fish,  wheat  and  other  grains. 

Most  plants  take  up  combined  nitrogen  from  the  soil  in 
iie  form  of  nitrates  (compounds  derived  from  nitric  acid) 
Dr  of  ammonia.  Hence  combined  nitrogen  is  being  con- 
stantly taken  from  the  soil,  and  in  order  to  preserve  the 
fertility  of  the  soil,  nitrogen  must  be  supplied.  This  is  done 
by  allowing  nitrogenous  organic  matter  to  decay  upon  the 
soil,  or  by  adding  to  the  soil  a  fertilizer,  which  is  a 
mixture  containing  nitrogen  compounds.  Recently  it 
has  been  shown  that  leguminous  plants,  such  as  peas, 
beans,  and  clover,  take  up  nitrogen  from  the  air  by  means 
of  bacteria,  which  are  in  nodules  on  their  roots. 

£X£RCIS£S. 

1.  What  is  the  atmosphere?  What  is  air?  What  is  the  literal 
meaning  of  the  word  atmosphere  f    What  is  the  wind  ? 

2.  Develop  the  topics :  {a)  atmospheric  pressure,  (J?)  occurrence  of 
nitrogen,  {c)  volumetric  composition  of  the  air,  (^)  gravimetric  cc/ii- 
position  of  the  air,  {e)  water  vapor  in  the  atmosphere,  {f)  carbon 
dioxide  in  the  atmosphere,  {£)  air  is  a  mixture. 

3.  Define  and  illustrate  the  terms:  {a)  an  atmosphere,  (J>)  normal 
pressure,  {c)  -standard  pressure,  (^)  dew  point,  {e)  relative  humidity, 
(/)  inert. 

4.  What  are  the  two  chief  ingredients  of  the  atmosphere?  The  per- 
manent ingredients  ?  The  variable  ingredients  ?  The  ingredients  found 
in  traces?    What  are  sometimes  found  in  the  air  of  cities? 

5.  What  is  the  symbol  of  nitrogen  ?  What  are  its  general  proper- 
ties? Its  special  properties?  What  is  its  main  function  in  the  atmos- 
phere?    How  may  it  be  prepared? 

6.  When  and  by  whom  was  nitrogen  discovered?  Why  and  by 
whom  was  it  named  "azote"  and  "nitrogen"  ? 

7.  What  is  the  relation  of  nitrogen  to  animal  and  to  vegetable  life? 
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We  accept  a  certain  theory  until  a  more  satisfactory  one  is 
proposed.  If  a  fact  is  not  well  established  or  is  not  gen- 
eral, we  account  for  it  by  an  hypothesis.  An  h3rpOthesis 
is  a  guess  or  supposition  concerning  the  cause  of  some 
particular  fact  or  set  of  facts,  and  it  is  usually  proposed  as 
a  basis  for  making  further  experiments.  Hypotheses  often 
lead  to  theories. 

Laws,  theories,  and  hypotheses  are  of  great  service  in 
chemistry,  since  they  help  us  gather  into  intelligible  state- 
ments a  vast  number  of  facts  which  are  apparently  not 
related.     They  also  assist  in  discovering  facts. 

Law  of  Definite  Proportions  by  Weight.  —  When  the 

metal  magnesium  is  heated  in  the  air,  it  burns  with  a 
dazzling  flame  into  a  grayish  powder,  due  to  combination 
with  oxygen.  If  a  known  weight  of  magnesium  is  heated 
in  a  crucible,  so  that  the  product  cannot  escape,  a  remark- 
able relation  is  revealed.  In  order  to  burn  completely  1.5 
gm.  of  magnesium,  i  gm.  of  oxygen  is  necessary;  and 
the  product,  magnesium  oxide,  weighs  2.5  gm.  This 
product  contains,  therefore,  60  per  cent  magnesium  and 
40  per  cent  oxygen.  Accurate  repetitions  of  this  experi- 
ment have  shown  that  this  proportion  by  weight  is  fixed 
and  definite.  Again,  if  all  the  oxygen  is  driven  from  a 
weighed  quantity  of  potassium  chlorate  by  heating  this 
compound  in  a  crucible,  39.18  per  cent  of  oxygen  is 
always  obtained.  This  means  that  the  proportion  of 
potassium,  chlorine,  and  oxygen  which  makes  up  potas- 
sium chlorate  is  fixed  and  definite.  Otherwise,  the  prop- 
erties of  potassium  chlorate  would  vary.  Experiments 
similar  to  these  show  that  in  all  chemical  compounds  the 
different  components  are  always  present  in  a  definite  and 
unvarying  proportion  by  weight.  There  are  no  exceptions 
to  this  general  fact.      This  constancy  of  proportion  in 
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chemical  compounds  is  stated  as  the  Law  of  Definite  Pro- 
portions by  Weight,  thus :  — 

A  given  chemical  compound  always  contains  the  same 
elements  in  the  same  proportions  by  weight. 

Sometimes  it  is  condensed  into  this  form  :^ 
A  chemical  cotnponnd  has  a  definite  composition  by  weight. 
This  law  is  one  ot  the  fundamental  laws  of  chemistry.  It  is  so  firmly 
believed  that  if  the  composition  of  a  compound  is  fouud  by  analysis  to 
vary,  chemists  conclude  that  the  .experimental  work  is  incorrect  or  that 
the  compound  is  impure.  The  law  was  established  as  the  outcome  of 
a  controversy  between  two  French  chemists,  Proust  (1755-1826)  and 
Berthollet  (1748-1S22).  The  discussion  lasted  from  1799  to  1B06. 
Berthollet  believed  that  compounds  might  have  a  varying  compositioo. 
Indeed,  by  his  experiments  he  detected  "gradual  changes"  in  com- 
position, But  Proust  showed  that  Berthollet  analyzed  mixtures  and 
not  compounds.  In  a  mixture  the  parts  may  be  present  in  any  propor- 
tion. Subsequent  experiments  have  only  strengthened  our  confidence 
in  tbia  law. 

Law  of  Multiple  Proportions.  —  Proust  showed  that 
some  elements  combine  in  more  than  one  proportion, 
and  thereby  produce  distinct  compounds.  But  he  failed  to 
notice  that  if  the  weight  of  one  element  is  constant,  the 
varying  weights  of  the  other  element  are  in  a  simple  mul- 
tiple relation  to  each  other.  Dalton  discovered  this  gen- 
eral fact  about  1804,  The  composition  of  compounds  is 
usually  expressed  in  per  cent;  but  such  expressions  in  a 
series  of  compounds  reveal  nothing  about  multiple  rela- 
tions. If,  however,  a  constant  weight  is  adopted  as  a  unit 
for  one  component,  and  the  composition  of  the  series  of  com- 
|Joimds  is  expressed  in  termsof  this  imit,  then  the  simple  mul- 
ti[)lc  relation  which  exists  between  the  weights  of  the  other 
Component  is  clearly  seen.  Thus,  no  multiple  relation  is 
apparent  in  the  statement  that  the  two  compotinds  of  carbon 
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and  oxygen  contain  respectively  27.27  and  42.85  per  cent 
of  carbon  and  72.72  and  57. 14  per  cent  of  oxygeni  But  if 
we  adopt  i  as  the  weight  of  carbon,  the  weights  of  oxygen 
are  in  the  simple  integral  ratio  of  2  to  i ;  i,e,  the  weights 
of  oxygen  are  simple  multiples.  The  five  compounds  of 
oxygen  and  nitrogen,  which  will  soon  be  studied,  aptly  illus- 
trate multiple  proportions :  — 

Table  to  illustrate  Multiple  Proportions. 


Namb. 

Composition  in 
Per  Cent. 

Adokiku 
Weight. 

Ratio. 

• 

i 

Nitrogen.      Oxygen. 

Nitrogen. 

Nitrogen. 

Oscygen. 

Nitrous  oxide  .    .    . 
Nitric  oxide     .    .    . 
Nitrogen  trioxide 
Nitrogen  peroxide    . 
Nitrogen  pentoxide  . 

63.636    1    36.363 
46.666        53.333 
36.842        63.157 
30.434        69.565 
25.925         74.074 

0.57 
1. 14 
I.7I 
2.28 
2.85 

From  this  table  it  is  clear  that  the  weights  of  oxygen  com- 
bined with  the  same  weight  of  nitrogen  are  as  1:2:3:4: 
5  ;  i,e,  they  are  simple  multiples  of  each  other. 

The  general  fact  of  multiple  proportions  is  expressed  in 
the  Law  of  Multiple  Proportions,  thus :  — 

When  two  (or  more)  elements  unite  to  form  a  series  of 
compounds,  a  fixed  weight  of  one  element  so  combines  with 
different  weights  of  the  other  element  that  the  relations  be- 
tween the  different  weights  can  be  expressed  by  small  whole 
numbers . 

This  law,  like  the  law  of  definite  proportions,  is  a  fun- 
damental law  of  chemistry,  and  together  they  have  pro- 
foundly influenced  its  theoretical  and  practical  progress. 
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The  Atomic  Theory  of  the  constitution  of  matter  was 
proposed  by  Dalton  to  explain  the  laws  of  definite  and 
multiple  proportions.  This  theory  assumes  (i)  that  the 
chemical  elements  and  compounds  consist  ultimately  of  a 
vast  number  of  very  small  particles  or  atoms,  (2)  that  the 
atoms  of  the  same  element  have  the  same  weight,  (3)  that 
atoms  of  different  elements  have  different  weights,  and  (4) 
that  chemical  action  is  union  or  separation  of  the  atoms  of 
the  elements. 

Let  us  now  consider  how  this  theory  explains  the  facts 
summarized  in  the  laws  of  definite  and  multiple  propor- 
tions, (i)  When  magnesium  combines  with  oxygen,  1.5 
parts  by  weight  of  magnesium  combine  with  one  part  by 
weight  of  oxygen.  Analysis  of  the  product  —  magnesium 
oxide  —  shows  that  this  proportion  is  constant;  that  is, 
pure  magnesium  oxide  always  contains  the  elements  mag- 
nesium and  oxygen  in  this  proportion.  Now,  according  to 
the  atomic  theory,  magnesium  oxide  is  the  product  of  the 
union  of  indivisible  atoms  of  magnesium  and  indivisible 
atoms  of  oxygen.  It  therefore  follows  that  when  magne- 
sium and  oxygen  unite,  atom  for  atom,  the  magnesium 
oxide  must  contain  the  two  elements  in  the  proportion  of 
the  weights  of  their  atoms,  i.e,  it  must  always  have  the 
same  composition.  It  is  immaterial  whether  the  actual 
weights  of  these  elements  which  combine  are  in  the  pro- 
portion of  I  to  1.5,  because  whatever  is  in  excess  of  this 
proportion  will  be  left  uncombined.  For  example,  if  we 
start  with  i  gm.  of  oxygen  and  2  gm.  of  magnesium,  then 
0.5  gm.  of  magnesium  will  be  left  uncombined.  Thus  the 
atomic  theory  explains  the  law  of  definite  proportions.  (2) 
But  atoms  do  not  always  combine  in  the  simple  proportion 
of  I  to  I.  They  may  combine  in  the  proportions  of  i  to  2, 
2  to  3,  I  to  3,  I  to  4,  etc.     But  according  to  ttve  ?Lloxa\Q. 
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theory  atoms  are  assumed  to  be  indivisible.  Hence,  if  we 
assume  the  atomic  theory,  the  proportions  of  the  weights 
of  different  elements  in  a  series  of  compounds  must  be 
simple  proportions,  i,e,  the  elements  must  unite  in  accord- 
ance with  the  law  of  multiple  proportions.  To  illustrate: 
There  are  two  compounds  of  carbon  and  oxygen.  In  one 
the  ratio  of  the  weight  of  carbon  to  oxygen  is  3  to  4,  and  in 
the  other  3  to  8.  The  second  compound  contains  twice  as 
much  oxygen  as  the  first ;  i.e,  its  molecule  contains  twice  as 
many  atoms  of  oxygen  as  a  molecule  of  the  first.  (Subse- 
quently it  will  be  shown  that  the  first  compound  is  carbon 
monoxide  and  contains  one  atom  of  oxygen  in  each  molecule, 
while  the  second  is  carbon  dioxide  and  contains  two  atoms 
of  oxygen  in  each  molecule.)  In  other  words,  the  weights 
of  oxygen  in  these  compounds  are  in  the  ratio  of  i  to  2. 

Atoms  and  Molecules.  —  It  should  not  be  forgotten  that 

the  laws  of  definite  and  multiple  proportions  deal  with 
facts,  and  that  the  atomic  theory  deals  with  conceptions 
which  may  be  true,  but  which  cannot  be  proved  to  be 
true.  We  often  speak  of  atoms  as  if  they  could  be  per- 
ceived by  the  senses,  but  we  do  so  simply  because  such 
expressions  help  us  describe,  study,  and  interpret  chemical 
action.  According  to  the  present  views,  atoms  do  not,  as 
a  rule,  exist  in  the  uncombined  state.  As  soon  as  atoms 
are  freed  from  combination,  they  at  once  unite  with  some 
other  atom  or  atoms.  The  smallest  particle  of  matter 
which  can  exist  independently  is  not,  therefore,  an  atom, 
but  a  group  or  combination  of  atoms.  These  groups  of 
atoms  are  called  molecules.  If  the  atoms  in  a  molecule 
are  atoms  of  the  same  element,  then  the  molecule  is  a 
molecule  of  an  element;  but  if  the  atoms  of  different 
elements  are  combined,  then  the  molecule  is  the  molecule 
of  a  compound.     All  matter,  as  a  rule,  consists  of  mole* 
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cules,  and  the  molecules  are  made  up  of  atoms.  A  mole- 
cule of  a  few  elements  contains  only  one  atom.  Chemists 
define  a  molecule  as  the  smallest  part  of  a  compound  or 
of  an  element  which  can  exist  in  the  free  state  and  mani- 
fest the  properties  of  the  compound.  Thus,  the  smallest 
particle  of  water  is  a  molecule  of  water,  but  a  molecule  of 
water  contains  smaller  particles  still,  viz.,  atoms  of  hydro- 
gen and  oxygen.  We  may  define  an  atom  as  the  indivis- 
ible constituent  of  a  molecule.  It  is  also  the  smallest 
particle  of  an  element  which  takes  part  in  chemical 
changes. 

Our  views  regarding  molecules  are  based  on  extensive  study  of  the 
physical  properties  of  gases.  The  molecule  is  often  spoken  of  as  the 
physical  unit,  because  in  physical  changes  molecules  are  not  decomposed. 
Whereas  the  atom  is  the  chemical  unit,  because  it  enters  into  all  chemi- 
cal action.  The  molecule  is  chemically  divisible,  but  the  atom  is 
chemically  indivisible. 

Chemical  Symbols,  which  were  mentioned  in  Chapter  I, 
are  designed  to  represent  single  atoms.  Thus,  H  repre- 
sents one  atom  of  hydrogen,  O  one  atom  of  oxygen,  N  one 
atom  of  nitrogen.  If  more  than  one  uncombined  atom  Is 
to  be  designated,  the  proper  numeral  is  placed  before  the 
symbol,  thus :  — 

2  H  means  2  atoms  of  hydrogen, 

3  O  means  3  atoms  of  oxygen, 
4P  means  4  atoms  of  phosphorus. 

But  if  we  wish  to  represent  the  atoms  tis  in  chemical  com- 
bination, either  with  themselves  or  with  other  atoms,  then 
a  subscript  is  used  instead  of  a  coefficient,  thus  :  — 

Hg  means  2  atoms  of  hydrogen  in  combination, 
Ng  means  3  atoms  of  nitrogen  in  combination, 
P^  means  4  atoms  of  phosphorus  in  combination. 
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Chemical  Formulas.^A  formula  is  a  group  of  symbols 
which  is  designed  to  express  the  composition  of  a  com- 
pound. In  writing  a  formula  the  symbols  of  the  different 
atoms  making  up  the  compound  are  placed  side  by  side. 
Thus,  H3O  is  the  formula  of  water,  because  this  group  of 
symbols  is  the  simplest  expression  of  the  facts  which  are 
known  about  this  compound.  Similarly,  KCIOg  is  the 
formula  of  potassium  chlorate.  These  symbols  might  be 
written  in  a  different  order,  but  usage  has  determined  the 
order  in  this,  as  in  most  cases.  A  formula  represents  one 
molecule.  Hence,  KClOg  represents  one  molecule  of 
potassium  chlorate,  and  means  that  the  molecule  of  this 
compound  contains  one  atom  each  of  potassium  and  chlo- 
rine and  three  atoms  of  oxygen.  If  we  wish  to  designate 
several  molecules,  the  proper  numeral  is  placed  before  the 
formula,  thus:  — 

2  KCIO3  means  2  molecules  of  potassium  chlorate. 

3  HjO      means  3  molecules  of  water. 

4  H2SO4  means  4  molecules  of  sulphuric  acid. 

In  certain  compounds  some  of  the  atoms  act  like  a  single 
atom  in  chemical  changes.  This  fact  is  often  expressed  by 
inclosing  the  group  of  atoms  in  a  parenthesis,  or  by  sepa- 
rating it  from  the  rest  of  the  formula  by  a  period.  Thus, 
the  formula  of  ammonium  nitrate  is  (NHj)N03,  Simi- 
larly, the  formula  of  alcohol  is  often  written  CgHj.OH, 
because  the  groups  C^Hj  and  OH  act  as  units.  The  use 
of  the  period  is  confined  mainly  to  organic  and  mineralogi- 
cal  chemistry.  It  is  sometimes  omitted,  especially  if  the 
composition  of  the  compound  is  well  understood.  If  a 
group  of  atoms  is  to  be  multiplied,  it  is  placed  within  a 
parenthesis.  Thus,  the  formula  of  lead  nitrate  is  Pb(NOg)j. 
This  means  that  the  group  NOg  is  to  be  multiplied  by  2. 
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The  formula  2  Pb(N0g)2  means  that  the  luhole  formula  is 
to  be  multiplied  by  2. 

Symbols  and  formulas  are  sometimes  used  to  represent  an  indefinite 
amount  of  an  element  or  compound.  Thusj  O  may  mean  oxygen  and 
H^SO,  sulphuric  acid, rcga.rdless  of  the  amount.  Thb  use  of  symbols 
and  formulas  saves  time,  but  it  is  not  scientific.  They  are  often  tlius 
used  to  label  bottles  in  a  laboratory.  Such  a  departure  from  accuracy 
should  not  be  allowed  to  obscure  their  real  meaning. 

The  complete  significance  of  symbols  and  formulas  can  be  grasped 
only  by  their  intelligent  use.  They  should  not  be  committed  to  mem- 
ory sUvishly.  It  is  desirable,  however,  to  learn  the  common  ones 
while  the  substances  they  represent  are  being  studied,  and  consider 
their  relations  more  fiilly  when  the  needed  facts  have  accumulated, 
(See  Chapters  IX  and  XIII.) 

A  Chemical  Reaction  is  a  special  or  limited  chemical 
change.  When  potassium  chlorate  is  heated,  the  chemical 
change  results  finally  in  the  liberation  of  all  the  oxygen 
and  the  formation  of  potassium  chloride.  Such  a  change 
is  called  the  reaction  for  preparing  oxygen  from  potassium 
chlorate,  or  the  reaction  for  the  decomposition  of  potas- 
sium chlorate.  Obviously,  the  study  of  chemistiy  is 
largely  a  study  of  reactions. 

Chemical    Equations.  —  In    expressing    various    facts 

about  chemical  reactions,  it  is  customary  to  use  an  equa- 
tion consisting  of  the  proper  symbols  or  formulas,  Sub- 
stances entering  into  the  initial  stage  of  a  reaction  are 
called  factors,  and  those  present  in  the  final  stage  are 
called  products.  The  symbols  and  formulas  of  the  factors 
connected  by  the  sign  plus  (  +  )  are  placed  at  the  left  of 
the  sign  of  equality,  and  those  of  the  products  at  the  right. 
Equations  are  usually  read  from  left  to  right.  Occasion- 
ally the  words  reaction  and  equation  are  used  as  synonyms, 
but  such  a  use  is  inaccurate  and  confusing. 
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When  magnesium  burns  in  the  air  or  in  oxygen,  tass^ 
nesiura  oxide  is  formed.  The  simplest  equation  for  this 
reaction  is  — 

Mg       +  O     =         MgO 

Magnesium     Osygen     Magnesium  Oside 

This  equation  is  read  :  Magnesium  and  oxygen  form  mag- 
nesium oxide.  It  means,  also,  that  when  magnesium  and 
oxygen  react,  one  atom  of  magnesium  unites  with  one 
atom  of  oxygen  and  forms  one  molecule  of  magnesium 
oxide.  The  simplest  equation  for  the  preparation  of  hy- 
drogen by  the  reaction  of  zinc  and  sulphuric  acid  is  — 

Zn+     HjSO^     =     Hj      +     ZnSO^ 
Zinc    Sulpiiuric  Acid     Hydrogen     Zinc  Sulphate 

This  equation  is  read:  Zinc  and  sulphuric  acid  form  (or 
produce)  hydrogen  and  zinc  sulphate.  It  means,  further, 
that  one  atom  of  zinc  and  one  molecule  of  sulphuric  acid 
form  one  molecule  (or  two  atoms)  of  hydrogen  and  one 
molecule  of  zinc  sulphate.  By  similar  equations  we  may 
express  certain  facts  about  all  reactions  which  are  under- 
stood. The  above  equations  might  be  called  ordinary, 
chemical  equations,  or  atomic  equations.  Other  forms 
are  used,  and  they  will  be  discussed  in  Chapters  IX,  X, 
and  XIII. 

The  following  facts  about  ordinary  chemical  equations  should  be 

(r)  The  sign  plus  does  not  necessarily  mean  addition  chsmicalfy- 
It  does  in  the  equation  Mg  +  O  =  MgO,  but  not  in  the  equation  HgO 
=  Hg  +  O.  In  the  latter  ihe  products  are  merely  miKed.  The  sign 
plus  may  be  expressed  by  the  words  and,  acted  upon,  added  to,  mixtd 
wUh.     The  sign  equality  is  often  read  equal,  give,  form,  ax  product. 

{2)  Equations  do  not  always  include  all  Ihe  participating  substances. 
In  Mg  +  O  =  MgO  no  nitrogen  (N)  appears  because  nitrogen  takes 


I 

ices. 
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chemical  part  in  the  change,  despite  the  j&ct  that  the  air  is  largely 
nitrogen.  Similarly,  in  Zn  +  H2SO4  =  Hj  +  ZnS04,  no  water  (HgO) 
appears,  because  the  water  (in  the  dilute  sulphuric  acid)  simply  serves 
to  dissolve  the  zinc  sulphate  from  the  surfece  of  the  zinc.  A  special 
form  of  equation,  called  the  ionic  equation^  is  used  to  express  chemical 
changes  which  occur  in  solution  (see  Chapter  X). 

(3)  Equations  tell  nothing  about  the  heat  changes  (see  Chapter  X)- 

(4)  Most  equations  represent  only  the  beginning  and  end  of  reac- 
tions. Thus,  in  KCIO3  =  30  +  KCl  several  changes  do  not  appear, 
because  the  purpose  of  this  equation  is  to  express  the  complete  decom- 
position of  potassium  chlorate  —  nothing  else. 


EXERCISES. 

1.  Define  law,  theory,  and  hypothesis  as  used  in  science. 

2.  State  the  law  of  definite  proportions.  Illustrate  it.  Give  a  brief 
account  of  its  discovery. 

3.  State  the  law  of  multiple  proportions.  Illustrate  it.  Who  dis- 
covered it?    When? 

4.  State  the  atomic  theory.  What  are  atoms  according  to  this 
theory?  How  are  atoms  related  to  chemical  action?  How  are  atoms 
related  to  molecules?    What  is  a  molecule? 

5.  What  is  the  symbol  of  an  element?  How  are  they  formed? 
Interpret  the  symbols :  H,  2O,  Ng,  2P,  3O,  Kg,  Sg,  2  CI. 

6.  What  is  the  formula  of  a  compound?  What  does  a  formula 
represent?  Interpret  the  formulas:  HgO,  2H2O,  KCIO3,  4H2SO4, 
(NH4)N03,  C2H3.OH,  Pb(N03)2,  Ca(0H)2.  ' 

7.  Give  the  s)rmbols  of  the  following  elements :  oxygen,  hydrogen, 
nitrogen,  zinc,  copper,  magnesium,  platinum,  iron,  sodium,  sulphur, 
carbon,  mercury. 

.  8.   What  elements  correspond  to  the  following  symbols :   Na,  Cu, 
K,  Zn,  S,  P,  Pt,  Pb,  H,  Hg,  Fe,  Mg?     (See  App.,  §  5.) 

9.  Give  the  formulas  of  the  following  compounds :  water,  potas- 
sium chlorate,  sulphuric  acid,  magnesium  oxide. 

10.  Define  and  illustrate  the  term  chemical  reaction. 

11.  What  is  a  chemical  equation?  For  what  is  it  used?  What  are 
factors  and  products  in  an  equation?  How  are  equations  written? 
Illustrate  your  answer.    How  are  they  read  ? 
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12.  Interpret  the  equation :   Mg  +  O  =  MgO. 

13.  What  does  the  plus  (  +  )  sign  mean  in  the  above  equation? 
What  other  meanings  has  this  sign? 

14.  State  several  &cts  about  equations. 


PROBLEMS. 

1.  How  many  centigrams  in  1745  kg.?    In250gm.?    In  ^425  dg.? 

2.  How  many  cubic  centimeters  in  50  1.  ?    In  i  cu.  dm.  ? 

3.  What  is  the  weight  of  (a)  100  cc.  of  hydrogen,  and  (^)  251  of 
oxygen,  under  standard  conditions  ? 

4.  What  weight  of  (a)  hydrogen  and  (p)  oxygen  can  be  obtained 
from  180  gm.  of  water  ? 

5.  What  (a)  weight  and  {b)  volume  of  oxygen  are  necessary  to  unite 
with  200  kg.  of  hydrogen  ? 

6.  What  weight  of  hydrogen  is  necessary  to  unite  with  the  oxygen 
in  100  gm.  of  air  to  form  water  ?  (Assume  that  air  is  one  fifth  oxygen.) 


CHAPTER  VIII. 

ACIDS,  BASES,  AND  SALTS. 

Introduction.  —  Many  chemical  compounds  fall  naturally 
ito  one  of  three  groups,  long  known  as  acids,  bases,  and 
alts.  Not  all  compounds,  of  course,  are  included  in  this 
lassification.  Each  group  has  its  characteristic  properties, 
hough  the  groups  are  closely  related  and  sometimes  over- 
ap.  Many  familiar  substances  belong  to  these  groups. 
(V  knowledge  of  the  properties  of  acids,  bases,  and  salts, 
)f  their  special  behavior,  and  of  their  intimate  relations  is 
essential  in  the  study  of  chemistry. 

General  Properties  of  Acids,  Bases,  and  Salts. — Acids 
have  a  sour  taste.  The  early  chemists  detected  this 
property,  and  the  word  acid  (from  the  Latin  aciduSy  sour) 
emphasizes  the  fact  Acids  change  the  color  of  many 
vegetable  substances.  Thus,  blue  litmus  is  turned  red  by 
icids.  Acids  also  have  the  power  to  decompose  most 
-arbonates,  like  limestone,  thereby  liberating  carbon  diox- 
de  gas  which  escapes  with  effervescence.  Most  bases 
"^ave  a  slimy,  soapy  feeling,  and  a  bitter  taste.  They  turn 
"Gd  litmus  blue.  Caustic  soda  and^  ammonium  hydroxide 
^re  bases.  Many  salts  have  the  well-known  salty  taste. 
Sodium  chloride,  the  familiar  table  salt,  is  an  example. 
Usually,  they  have  no  action  on  litmus. 

Composition  of  Acids,  Bases,  and  Salts.  —  Acids  cou- 
sin hydrogen,  which  is  usually  liberated  when  metals  and 
^cids  interact.     It  was  long  thought  that  oxygen  was  an 
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essential  component  of  all  acids,  and  its  name,  oxygen 
(derived  from  Greek  words  meaning  "  acid  producer  "■)  was 
given  by  Lavoisier  because  of  this  belief  (see  Discovery  of 
Oxygen). 

We  now  know  that  hydrogen,  not  oxygeuj  Is  the 
essential  component  of  all  acids.  Another  necessary 
component  of  acids  is  some  element  like  nitrogen,  sulphur, 
chlorine,  or  phosphorus,  which  belongs  to  a  class  of 
elements  called  non-metals.  For  this  reason  it  is  some- 
times convenient  to  think  of  non-metals  as  the  elements 
which  form  acids.  Thus  sulphuric  acid  contains  sulphur, 
besides  hydrogen  and  oxygen ;  while  hydrochloric  acid 
contains  chlorine,  besides  hydrogen. 

Bases  contain  hydrogen  and  oxygen  besides  a  metal 
The  hydrogen  and  oxygen  are  the  essential  components 
(see  Hydroxyl,  below).  It  is  often  convenient,  however,  to 
regard  metals  as  the  elements  which  form  bases,  just  as 
the  non-metals  form  acids.  Thus,  the  base  sodium  hy- 
'droxide  contains  the  metal  sodium  besides  hydrogen  and 
oxygen. 

Salts  contain  a  metal  and  a  non-metal,  and  most  of  them 
contain  oxygen.  Thus,  potassium  nitrate  contains  the 
metal  potassium  and  the  non-metal  nitrogen,  be^des 
oxygen  ;  while  potassium  chloride  contains  potassium  and 
the  non-metal  chlorine,  but  no  oxygen.     (See  Salts,  below.) 

Neutralization.  — The  nature  of  acids,  bases,  and  salts 
is  shown  by  their  chemical  relations.  When  acids  and 
bases  interact,  salts  are  formed.  That  is,  the  acid  and 
base  destroy  more  or  less  completely  the  marked  prop- 
erties of  each  other  and  produce  a  compound  which  has 
few,  and  often  none,  of  the  properties  of  the  original  add 
or  base.  The  acid  and  base  neutralize  each  other.  An 
example  will  make  this  point  clear.     When  hydrochloric 
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acid  and  sodium  hydroxide  interact,  sodium  chloride  and 
water  are  formed.  The  chemical  change  may  be  written 
thus  — 

HCl  +  NaOH         =         NaCl      +      HjO 

Hydrochloric  Acid      Sodium  Hydroxide       Sodium  Chloride      Water 

This  equation  represents  the  facts  which  have  been 
repeatedly  verified  by  experiment.  This  kind  of  a  chemi- 
cal change  is  called  neutralization,  and  later  it  will  be 
more  fully  discussed.  Taking  this  equation  as  a  type  of 
the  chemical  changes  which  occur  in  neutralization,  it  is 
clear  that  in  such  changes,  generally  speaking  (i)  the  metal 
of  the  base  takes  the  place  of  the  hydrogen  of  the  acid,* 
thereby  forming  a  salt,  while  (2)  the  hydrogen  of  the  acid 
combines  with  the  hydrogen  and  oxygen  of  the  base  to 
form  water.  In  neutralization  the  hydrogen  and  oxygen 
of  the  base  act  as  a  unit.  This  group  of  atoms  (OH)  is 
called  hydroxyl.  Compounds  containing  this  group  are 
called  hydroxides.  Hydroxyl  does  not  exist  free  and 
uncombined  likie  elements  and  compounds,  but  it  acts  like 
a  single  atom  in  many  changes.  It  is  called  a  radical. 
To  emphasize  the  fact  that  it  is  a  unit,  the  hydroxyl  group 
is  sometimes  put  in  a  parenthesis,  e.g.  Ca(OH)2. 

The  nature  of  acids,  bases,  and  salts  is  further  shown  by  the  behavior 
of  their  solutions  toward  electricity.  All  such  solutions  conduct  elec- 
tricity, and  therefore,  according  to  the  theor}'  of  electrolytic  dissociation, 
the  solutions  contain  ions.  Thus,  solutions  of  acids  contain  hydrogen 
ions  and  non-metallic  ions,  solutions  of  bases  contain  hydroxyl  and  me- 
tallic ions,  and  solutions  of  salts  contain,  as  a  rule,  neither  hydrogen  nor 
hydroxyl  ions,  but  metallic  and  non-metallic  ions.  Many  facts  agree 
with  these  theoretical  views,  and  it  is  very  generally  believed  that  the 
general  properties  of  acids,  bases,  and  salts,  as  well  as  the  chemical 
changes  which  occur  in  neutralization,  are  due  to  ions.  (See  also  Neu- 
tralization, below.) 
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Acids.  — The  common  acids  are  sulphuric  acid,  hydro- 
chloric acid,  nitric  acid,  and  acetic  acid.  Many  acids  are 
Jiquid,  as  sulphuric  and  nitric;  a  few  are  gases,  as  hydro- 
chloric; others  are  solid,  as  tartaric,  citric,  oxalic.  Most 
are  s^>luble  in  water,  and  such  solutions  are  familiarly 
called  acids.  These  solutions  may  be  dilute  or  concen- 
trated, and  the  general  properties  W2sy  somewhat  with  the 
strength.  Concentrated  acids  are  usually  corrosive  and 
should  be  handled  with  precaution,  even  when  one  is 
thoroughly  familiar  with  their  properties.  Substances 
which  turn  blue  litmus  to  red  are  said  to  contain  an  add, 
to  be  acid,  or  to  have  an  acid  reaction.  The  exact  nature, 
however,  of  such  a  substance  must  be  determined  by 
additional  tests. 

Many  familiar  substances  are  acids  or  contain  them. 
Vinegar,  pickles,  and  similar  relishes  contain  dilute  acetic 
acid.  Lemon  juice  is  mainly  citric  acid.  Sour  milk  con- 
tains lactic  acid.  Unripe  fruits,  sour  bread,  and  sour 
wines  contain  acids.  "Soda  water"  is  a  solution  of 
carbonic  acid  (or  more  accurately  carbon  dioxide),  and 
**  acid  phosphate "  is  a  solution  of  a  sour  calcium 
phosphate. 

I^'orinerly  acids  were  defined  as  compounds  producing 
a  sour  solution  which  reddens  blue  litmus,  or  as  compounds' 
which  form  salts  by  interaction  with  bases,  or  as  compounds 
containing  hytlrogen  which  can  be  replaced  by  a  metal 
'I'liese  detlnitions  emphasize  certain  properties  of  adds,  but 
\\w\'  are  not  indusive.  According  to  the  theory  of  elec- 
trv>lvtic  ^.lissociation  an  acid  is  a  compound  whose  solution 
eontaius  hvdroiren  ions.  The  sour  taste,  behavior  toward 
litmus,  and  liberation  of  hydrogen  —  properties  which  are 
eonunon  to  all  acids  —  are  due  to  the  hydrogen  ions  in  the 
aci<.l  solution. 
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^flomenclature  of  Acids.  —  Oxygen  is  a  component  ot 
most  adds,  and  the  names  of  these  acids  correspond  to 
the  proportion  of  oxygen  which  they  contain.     The  best 
known  acid  of  an  element  usually  has  the  suffix  -ic,  e.g: 
sulphuric,  nitric,  phosphoric.     If  an  element  forms  another 
acid,  containing  less  oxygen,  this  acid  has  the  suffix  -ous, 
c.^.  sulphurous,  chlorous,  phosphorous.      Some  elements 
form  an  acid  containing  less  oxygen  than  the  -ous  acid; 
these  acids  retain  the  suffix  -ous,  and  have,  also,  the  prefix 
hypo-,  e.g.  hyposulphurous,  hypophosphorous,  hypochlo- 
rous.     Hypo-  means  under  or  lesser.     If  an  element  forms 
an  acid  containing  more  oxygen  than  the  -ic  acid,  such  an 
acid  retains  the  suffix  -ic,  and  has,  also,  the  prefix  per-,  eg: 
persulphuric,  perchloric.     The  prefix  per-  means  beyond 
or  over.     The  few  acids  which  contain  no  oxygen  have 
the   prefix   hydro-  and   the   suffix  -ic,  e.g.   hydrochloric, 
hydrobromic,    hydrofluoric.       It   should   be   noticed  that 
these  suffixes  are  not  always  added  to  the  name  of  the 
element,  but  often  to  some  modification  of  it. 

The  nomenclalureof  addsiswell  iHustraled  by  the  serioB  of  chlorine 
adds :  — 

Acids  op  the  Element  Chlorine. 

N*».B. 

^^M 

Hydrochloric 

Hypochlorous 

Chlorous 

Chloric 

Perchloric 

HQO                           ^H 
HCIO,                          ^H 

HCIO,                          ^^ 

Not  all  elements  form  a  complete  series  of  acids,  but  the       ^^M 
nomenclature   usually  agrees  with   the   above   principles.       ^^M 
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Some  acids  have  commercial  names.  Thus,  sulphuric  acid 
is  often  called  oil  of  vitriol,  and  hydrochloric  acid  is  known 
as  muriatic  acid.  Acids  in  which  carbon  is  the  essential 
component  end  in  -ic,  but  they  are  often  arbitrarily  named 
(see  Organic  Acids). 

An  examination  of  the  formulas  of  acids  shows  that  all  do  not  con- 
tain the  same  number  of  hydrogen  atoms.  Acids  are  sometimes  classi- 
fied by  the  number  of  hydrogen  atoms  which  can  be  replaced  by  a  metal. 
This  varying  power  of  replaceability  is  called  basicity.  A  monobasic 
acid  contains  only  one  atom  of  replaceable  hydrogen  in  a  molecule,  e^, 
nitric  acid,  HNO3.  A  molecule  of  acetic  acid  (CjH^Og)  contains  four 
atoms  of  hydrogen,  but  for  reasons  which  are  too  complex  to  state  here, 
only  one  of  these  atoms  can  be  replaced  by  a  metal.  Dibasic  and 
tribasic  acids  contain  two  and  three  replaceable  hydrogen  atoms,  e,g, 
sulphuric  acid  (H2SO4)  and  phosphoric  acid  (H3POJ.  Obviously^ 
monobasic  acids  form  only  one  class  of  salts,  dibasic  acids  form  two 
classes,  tribasic  acids  form  three,  and  so  on. 

Bases.  —  The  term  base,  in  a  narrow  sense,  means  the 
strong  bases,  which  are  very  soluble  in  water,  and  are  com- 
monly known  as  alkalies,  e.g.  sodium,  potassium,  and 
ammonium  hydroxides.  Formerly  the  term  base  meant  a 
substance  which  will  neutralize  an  acid,  e.g.  calcium  oxide, 
ammonia  gas,  as  well  as  the  hydroxides  of  metals.  Most 
bases  are  solids ;  but  since  they  are  usually  soluble  in  water, 
these  solutions,  as  in  the  case  of  acids,  are  familiarly 
called  the  base,  or  alkali,  itself.  Concentrated  alkalies, 
like  concentrated  acids,  are  corrosive.  The  common  alka- 
lies —  sodium  and  potassium  hydroxides  —  are  often  called 
caustic  soda  and  caustic  potash  to  emphasize  this  property; 
and  calcium  oxide,  or  lime,  is  sometimes  called  caustic 
lime ;  the  corrosive  nature  of  ammonium  hydroxide,  or 
ordinary  ammonia,  is  also  well  known.  Substances  which 
turn  red  litmus  to  blue  are  said  to  contain  an  alkali  (or 
base),  to  be  alkaline,  or  to  have  an  alkaline  reaction. 
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The  word  basic  is  often  used  instead  of  alkaline.  Other 
tests  besides  that  with  litmus  must  be  applied,  however,  to 
determine  the  exact  nature  of  a  substance  having  an  alka- 
line reaction.  Alkalies  dissolve  grease  and  fats,  and  are 
often  used  as  cleansing  agents,  ammonium  hydroxide 
being  widely  employed  for  this  purpose.  They  also  inter- 
act with  fats  to  form  soaps,  large  quantities  of  sodium 
hydroxide  being  annually  utilized  in  the  soap  industry  (see 

Soap). 

A  base  was  formerly  defined  as  a  compound  which  has 
a  bitter  taste,  turns  red  litmus  blue,  and  neutralizes  acids. 
This  definition  emphasizes  certain  properties  of  a  base,  but 
it  is  defective.  According  to  the  theory  of  electrolytic  dis- 
sociation, a  base  is  a  compound  whose  solution  contains 
hydroxyl  ions.  The  characteristic  properties  are  ascribed  to 
the  hydroxyl  ions  which  are  common  to  all  solutions  of  bases. 

Nomenclature  of  Bases.  —  There  is  no  general  rule 
covering  the  nomenclature  of  bases,  as  in  the  case  of 
acids.  Since  every  base  contains  hydrogen  and  oxygen, 
they  are  often  called  hydroxides.  Hydrate  is  sometimes 
used  as  a  synonym  of  hydroxide.  The  term  alkali  em- 
phasizes general  properties  rather  than  suggests  specific 
composition.  Hydroxides  are  distinguished  from  each 
other  by  placing  the  name  of  the  metal  before  the  word 
hydroxide^  e.g,  sodium  hydroxide,  potassium  hydroxide, 
calcium  hydroxide.  The  common  hydroxides  have  long 
been  known  by  several  names.  Thus,  calcium  hydroxide 
is  often  called  limewater.  Ammonium  hydroxide  is  some- 
times called  ammonia  water  or  simply  (but  inaccurately) 
ammonia,  and  it  was  formerly  called  volatile  alkali.  Be- 
sides the  common  names  of  the  hydroxides  of  sodium  and 
potassium  already  given,  they  are  sometimes  called  fixed 
alkalies. 
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Not  all  bases  contain  the  same  number  of  hydroxy!  groups.  Hence 
bases,  like  acids,  may  form  one  or  more  salts.  This  power  is  called 
acidity.  Bases  are  called  monacid,  diacid,  triacid  1)9863,  etc.,  accord- 
ing to  the  number  of  replaceable  hydroKyl  groups  present  in  a  molecule. 
Thus,  calcium  hydroxide  (Ca(0H)5)  is  a  diacid  base,  and  aluminium 
hydroxide  (A1(0H)3)  is  a  triacid  base. 

Salts.  ■ —  Sodium  chloride  is  the  most  familiar  salt.  Most 
salts  are  soluble  in  water,  and  their  solutions  have  varied 
properties.  As  to  taste,  they  may  be  salty,  bitter,  astrin- 
gent, sour,  or  flat.  Many  have  no  action  on  litmus  and 
are  said  to  be  neutral  or  to  have  a  neutral  reaction ;  some 
turn  red  litmus  to  blue,  and  others  turn  blue  to  red.  The 
term  neutral  is  also  applied  to  any  substance  whose  solu- 
tion is  indifferent  to  litmus.  Solutions  of  salts  conduct 
electricity. 

Salts  invariabiy  contain  a  metal  and  a  non-metal.  Many 
also  contain  o.xygen.  One  class  contains  hydrogen  besides 
oxygen  and  the  characteristic  metal  and  non-metal.  From 
the  standpoint  of  neutralization  salts  are  compounds  formed 
either  by  the  substitution  of  a  metal  for  all  or  part  of  the 
hydrogen  of  an  acid  or  by  the  substitution  of  a  non-metal 
(or  non-metallic  group,  like  SO^)  for  all  or  some  of  the  hy- 
droxyl  groups  of  a  base.  According  to  the  theory  of  elec- 
trolytic dissociation  a  salt  may  be  deiined  as  a  compound 
formed  by  the  union  of  the  metallic  ion  of  a  base  with  the 
non-metallic  ion  of  an  acid.  (See  Normal,  Acid,  and  Basic 
Salts,  below.) 

Sails  are  formed  la  various  ways.  The  interaction  of  an  add  and  a 
base  has  been  mentioned.  The  interaction  of  acids  with  oxides  of  cer- 
tain metals  or  with  metals  themselves  produces  salts.  Sodium  oxide 
and  sulphuric  acid  interact  and  form  the  salt  sodium  sulphate,  thus ;  — 


HaSOi  =  Na^SOi  -|-  HiO 

Sulphuric  Acid        Sodium  Sulphate  Water 


J 
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sulphate  . 


I  well  as  hydrogen,  thus :  — 

+        H,SO^        = 
c        Sulphuric  Acid 


cid,  as  already  staled,  fonn  the  salt  taae 


ZnSO,      + 

Zinc  Sulphate 


Hydrogen 


Carbonates  interact  with  adds  and  form  other  salts.    Calcium  carbonate 
and  hydrochloric  add  form  the  salt  calcium  chloride,  thus : — 


CaCO,       +      aHO       = 

Calciuia        Hydrochloric 
Carbonate  Acid 


CaOj     ■ 
Calcium 
Chloride 


CO,     +      Hfl 

Carbon         Water 
Dioxide 


Nomenclature  of  Salts.  — The  name  of  salts  containing 
oxygen  are  derived  from  the  name  of  the  corresponding 
acid.  The  characteristic  suffix  of  the  acid  is  changed  to 
indicate  this  relation.  Thus,  the  suffix  -ic  becomes  -ate, 
and  the  suffix  -ous,  becomes  -ite.     Hence :  — 

Sulphuric  acid  forms  stilphates. 
Sulphurous  acid  forms  sulphites. 
Nitric  acid  forms  nitrates. 
Nitrous  acid  forms  nitrites. 
Chloric  acid  forms  chlorates. 
Hypochlorous  acid  forms  hypochlorites. 
Permanganic  acid  forms  permangaJiates. 

The  name  of  the  replacing  metal  is  retained,  e.g;  potas- 
sium chlorate,  sodium  sulphate,  calcium  hypochlorite,  po- 
tassium permanganate.  Notice  that  the  prefixes  Ayfio-  and 
fier-  are  not  changed. 

The  names  of  salts  containing  only  two  elements,  fol- 
lowing the  general  rule  for  binary  compounds,  end  in  -i^e. 
This  suffix  is  added  to  a  modification  of  the  name  of  the 
non-metal,  giving  the  names  chloride,  bromide,  sulphide, 
fluoride,  etc.     The  prefix  hydro-  which  is  contained  in  the 
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name  of  the  acid  is  omitted.  Thus,  the  name  of  the 
sodium  salt  of  hydrochloric  acid  is  sodium  chloride ;  simi- 
larly, there  are  the  names  potassium  chloride,  calcium 
fluoride,  and  sodium  iodide.  Sometimes,  the  salts  of  these 
hydrogen  acids  are  called  halides  to  emphasize  their  rela- 
tion to  common  salt,  which  in  Greek  is  called  Aa/s. 

Salts  in  which  all  the  hydrogen  atoms  of  the  corresponding  acid 
have  been  replaced  by  a  metal  are  called  normal  salts,  e.g^.  sodium 
sulphate,  NagSO^.  If  some  of  the  hydrogen  atoms  are  not  replaced  by 
a  metal,  an  acid  salt  is  formed.  Thus,  acid  sodium  sulphate  may  be 
regarded  as  derived  from  sulphuric  acid,  which  is  dibasic,  by  replacing 
one  of  the  atoms  of  hydrogen  by  sodium,  though  of  course  the  salt  is 
not  prepared  in  this  way.  Expressed  as  formulas  these  relations  may 
be  written  thus :  — 

Acid  Add  Salt  Normal  Salt 

H2SO4  HNaSO^  NagSO^ 

Only  those  acids  which  contain  two  or  more  replaceable  hjrdrogen 
atoms  form  acid  salts.  On  the  other  hand,  if  not  all  the  hydroxy] 
groups  of  a  base  are  replaced  when  the  base  reacts  with  an  add,  then  a 
basic  salt  results.  Thus,  basic  nitrate  of  bismuth  may  be  regarded  as 
the  salt  derived  from  bismuth  hydroxide  (Bi(0H)3)  by  replacing  one 
hydroxyl  group  of  the  base  by  the  group  NO3  of  nitric  acid.  The 
formula  of  this  basic  nitrate  of  bismuth  is  Bi(0H)2N0j. 

Solutions  of  many  normal  salts  contain  neither  hydrogen  nor  hy- 
droxyl ions,  according  to  the  theory  of  electrolytic  dissociation,  and 
hence  are  neutral  to  litmus  ;  a  few  are  exceptional.  (See  Hydrolysis.) 
But  solutions  of  acid  salts  or  basic  salts  contain  not  only  the  ions  char- 
acteristic of  a  salt,  but  also  hydrogen  ions  or  hydroxyl  ions.  Hence 
acid  salts  redden  blue  litmus  and  basic  salts  (if  they  are  soluble)  act 
oppositely. 

Relation  of  Oxides  to  Acids  and  Bases.  —  Most  non- 
metallic  elements  form  oxides  which  unite  with  water  and 
produce  an  acid.     The  oxides  of  many  metallic  elements. 
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on  the  other  hand,  unite  with  water  and  produce  hydrox- 
ides.    The  two  oxides  of  the  non-metal  sulphur  act  thus — 

SO2       +       H2O      =      HaSOg 
Sulphur  dioxide        Water         Sulphurous  Add 

SOg       +        H2O      =     HaSO^ 

Sulphur  Trioxide        Water  Sulphuric  Acid 

The  oxide  of  the  metal  calcium  acts  thus  — 

CaO      +      H2O     =      Ca(0H)2 

Calcium  Oxide       Water  Calcium  Hydroxide 

Oxides  of  non-metals  which  unite  with  water  and  pro- 
duce acids  are  called  acid  anhydrides,  /.^.,  literally,  sub- 
stances without  water.  Examples  are  carbonic  anhydride 
(CO2),  sulphuric  anhydride  (SO3),  phosphoric  anhydride 
\P2O5).  Oxides  of  metals  which  produce  bases  are  called 
basic  anhydrides.  A  few  oxides  behave  exceptionally. 
It  is  convenient  to  regard  an  acid  anhydride  as  the  root  or 
basis  of  its  corresponding  acid,  and  a  basic  anhydride  as 
the  root  of  its  hydroxide. 

The  fiict  that  many  non-metallic  oxides  redden  moist  blue  litmus  led 
Lavoisier  into  the  erroneous  belief  that  oxygen  is  an  essential  compo- 
nent of  acids.  And  some  authorities  even  now  (incorrectly)  speak  of 
these  oxides  as  acids ;  thus,  carbon  dioxide  (COg)  is  occasionally  called 
carbonic  acid.  The  compounds  which  Lavoisier  called  acids  were  anhy- 
drides. And  it  was  not  until  about  1811  that  Davy  showed  (i)  that 
some  acids  do  not  contain  oxygen  {e.g.  hydrochloric  acid,  HCl),  and 
(2)  that  the  so-called  acids  of  Lavoisier  are  not  real  acids  until  they 
have  obtained  hydrogen  from  the  water  in  which  they  dissolve. 

Neutralization  has  been  defined  as  the  series  of  changes 
whereby  acids  and  bases  mutually  destroy  each  other's 
characteristic  properties  and   produce  a   salt  and  water. 


98  Descriptive  Chemistry. 

But  neutralization  has  a  deeper  meaning  and  broader  ap 
phcation  than  the  mere  destruction 
of  properties.     (See  page  127.). 

If  measured  volumes  of  different  adds 
are  exactly  neutralized  by  different  alkalies, 
remarkable  relations  are  revealed.  This  may 
be  done  by  dropping  one  into  the  other  from 
a  graduated  tube,  called  a  burette  (Fig.  ij). 
The  exact  point  of  neutralization  is  shown 
by  an  indicator;  this  is  a  solutioo  of  litmus 
or  some  other  substance,  which  tells  by  tlie 
color  whether  the  solution  is  acid  or  alkaline. 
Experiment  shows  that  (1)  a  definite  quan- 
tity of  an  acid  neutralizes  a  deiinite  quantity 
of  an  alkali,  (z)  the  same  acid  is  neutralized 
by  different  quantities  of  different  alkalies, 
and  (3)  the  ratio  of  the  quantities  of  the 
Fig.  15.  — Burciles.  different  alkalies  is  the  same  for  all  acids.' 


Sr 

■> 

EXERCISES. 

1.  Define  and  illustrate  (_ii)  an  acid,  (*)  a  base,  (c)  a  salt,  {d)  an  al- 
kali, (f)  hydroxyl,  (/)  an  hydroxide. 

2.  Name  three  common  acids  and  bases.  State  the  general  prt^jer- 
ties  of  each  class. 

3.  Define  and  illustrate  {a')  neutralization,  (b)  acidity  of  bases,  (ej 
basicity  of  acids,  {d)  normal,  add,  and  basic  salts,  (*)  catistic  alkali, 
(/)  radical. 

4.  What  is  the  literal  meaning  of  (a)  acid  (  adj.),  {b)  caustic,  (c)  p«^ 
(d)  hypo-,  (i)  anhydride? 

5.  Name  the  sodium  salt  of  hydrochloric  acid.  Name  the  cotre- 
sponding  salt  of  potassium,  lead,  calcium,  barium,  zinc,  silver. 

6.  Name  the  same  salts  of  nitric  acid.     Of  nitrous  acid. 

7.  Name  the  same  salts  of  sulphuric  acid.  Of  hypochlarous  add. 
Of  perchloric  acid. 

t  A  more  eilended  (raalmcnr  of  this  5ubjecl  may  be  found  in  the  ftudun'l 
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8 .  Name  the  hydroxides  corresponding  to  sodium,  potassium,  calcium, 
barium,  zinc,  lead,  copper* 

9.  Name  the  potassium  salt  of  manganic  acid,  calcium  salt  of  hydro- 
fluoric acid,  sodium  salt  of  carbonic  acid,  potassium  salt  of  tartaric  acid, 
lead  salt  of  chromic  acid,  potassium  salt  of  hydrobromic  acid,  potassium 
salt  of  permanganic  acid. 

PROBLEMS. 

Review  any  of  the  preceding  problems,  especially  those  in  Appendix, 
§1. 
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CHAPTER   IX. 

EQUIVALENTS  -  ATOMIC  AND  MOLECULAR  WEIGHTS - 
CHEMICAL  CALCULATIONS— QUANTITATIVE  SIGNIFI- 
CANCE OF  EQUATIONS. 

Equivalents.  —  The  equivalent  or  equivalent  weight  of 
an  element  is  that  .weight  which  is  chemically  equivalent 
to  one  part  by  weight  of  hydrogen.     More  specifically,  it 
is  the  number  of  grams  of  an  element  which  liberates, 
replaces,  or    combines    with    i    gm.    of    hydrogen.     Ex- 
periments show  that  approximately  32.5  gm.  of  zinc  wiD 
liberate   i    gm.  of  hydrogen  from  an  acid.     Hence  32.5 
is  the  equivalent  of  zinc.     Similarly,  23   gm.   of  sodium 
liberate  i  gm.  of  hydrogen  from  water.     A  summary  of 
numerous  experiments  reveals  the  following  — 


Table  of  Equivalents. 


Element. 

• 

Equivalent. 

: 

Hydrogen 

I   . 

(by  definition) 

Oxygen 

8 

Chlorine 

35-5 

Bromine 

80 

Sulphur 

16 

Zinc 

32.5 

Copper 

31.7 

Magnesium 

12 

Sodium 

23 

Potassium 

39 

Silver 

108 

Aluminium 

9 

=1 

100 
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analysis  of  chemical  compounds  determines  the  propor- 
L  of  their  components  by  weight.  And  in  many  cases 
ti  experiments  verify  the  equivalents  found  by  other 
:hods.     Thus,  experiment  shows  that  — 

5  parts  of  chlorine  unite  with  23  of  sodium,  or  39  of  potassium, 
parts  of  bromine  unite  with  23  of  sodium,  or  39  of  potassium, 
parts  of  silver       replace       23  of  sodium,  or  39  of  potassium. 

2  above  elements  always  unite  in  these  proportions. 
t  some  elements  unite  in  several  proportions.  Thus, 
ht  parts  by  weight  of  oxygen  combine  with  one  part  of 
irogen  to  form  water.  But  in  a  large  number  of  com- 
mds  sixteen  parts  of  oxygen  combine  with  various  parts 
different  elements.  Similarly,  nitrogen  unites  in  the 
)portion  of  fourteen,  twenty-eight,  and  forty-two  parts 
weight  with  different  parts  of  other  elements.  In  a 
>rd,  there  are  multiples  of  equivalents.  Comparison 
ows  a  striking  coincidence  between  many  equivalent 
eights  and  the  accepted  atomic  weights  of  the  same 
-ments.  This  topic  is  discussed  and  applied  in  Chapter 
III. 

Atomic  Weights.  —  The  essential  property  of  matter 
weight.  According  to  the  atomic  theory,  atoms  have 
eight.  But  the  absolute  weight  of  an  atom  cannot 
-  determined  directly  by  any  instruments  available.  We 
in,  however;  find  the  relative  weight  of  an  atom ;  that  is, 
^w  many  times  heavier  one  atom  is  than  another  atom. 
•  We  adopt  one  as  the  weight  of  an  atom  of  hydrogen,  the 
eights  of  atoms  of  other  elements  can  be  readily  expressed 
^  terms  of  this  standard.  Thus,  when  we  say  the  atomic 
eight  of  sodium  is  twenty-three,  we  mean  that  an  atom 
f  sodium  weighs  twenty-three  times  as  much  as  an  atom 
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of  hydrogen.  The  relative  weights  are  called  the  atomic 
weights  of  the  elements. 
fc  The  determination  of  the  atomic  weight  of  an  element  is 
a  difficult  task.  Many  principles  influence  the  final  selec- 
tion of  the  number  adopted  as  the  atomic  weight.  We' 
have  already  seen  that  there  is  a  definite  relation  between 
the  equivalent  weight  and  the  atomic  weight  of  an  element 
But  this  method  cannot  be  used  exclusively  to  determiDe 
thl^atomic  weights  of  elements,  because  several  elements 
have  more  than  one  equivalent.  There  is  also  a  definite 
relation  between  the  molecular  weight  of  a  compound  and 
the  atomic  weights  of  the  elements  in  the  compound. 
These  topics  and  others  related  to  them  will  be  discussed 
in  Chapter  XIII.  For  the  present,  the  approximate 
atomic  weight's  found  in  the  Appendix,  §  S,  may  be  used 
in  solving  problems  and  for  general  reference. 

The  atomic  weights  are  not  necessarily  whole  numbers,  but  they  are 
nearly  so  in  many  cases,  and  for  most  purposes  round  numbers  may  be 
used.  Different  atomic  weights  are  sometimes  given  for  the  same  ele- 
ment. This  is  due  (i)  to  the  disagreement  among  chemists  as  to  the 
accuracy  of  certain  results,  and  (2)  to  the  use  of  several  standards  for 
reckoning  atomic  weights.  For  many  years  hydrogen  was  the  standard- 
But  for  scientific  reasons  oxygen  has  been  adopted  as  the  standard,  antl 
16  is  accepted  as  its  atomic  weight.  This  change  does  not  alter  the 
fact ;  it  merely  changes  the  relative  values  of  the  atomic  weights. 
Thus,  the  atomic  weight  of  hydrogen  becomes  1.008,  if  oxygen  equals 
16,  and  others  are  proportionally  changed.     (See  Appendix,  §  5.) 

Symbols  and  Atomic  Weights.  —  Symbols  aot  only  rep- 
resent atoms,  but  they  express  atomic  weights.  Thus,  0 
represents  one  atom  of  oxygen,  but  it  also  means  that  this 
atom  weighs  sixteen  times  more  than  an  atom  of  hydi 
gen.  Similarly,  K  represents  an  atom  of  potassium, 
which  weighs  thirty-nine  times  more  than  an  atom  of 
hydrogen. 
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**  Molecular  Weights.  —  Since  atoms  combme  to  form 
molecules,  a  molecular  weight  is  the  sum  of  the  weights 
of  the  atoms  in  a  molecule.  A  molecule  of  nitric  acid 
contains  one  atom  each  of  hydrogen  and  nitrogen,  and 
three  atoms  of  oxygen ;  hence  its  molecular  weight  is 
1-1-14+16x3  =  63.  Given  the  formula,  the  molecular 
weight  is  easily  found  by  adding  the  atomic  weights. 
The  molecular  weight  and  formula  of  a  compound,  there- 
fore, are  rigidly  connected ;  and  just  as  a  symbol  stands 
for  an  atomic  weight,  so  a  formula  expresses  a  molecular 
weight.  Molecular  weights  of  compounds  are  conven- 
iently found  by  adding  the  weights  of  the  atoms  in  a 
molecule,  but  they  are  not  actually  determined  in  this  way. 

Manyfacls  and  principles  determine  ttie  final  selection  of  the  molecular 
weight,and  hence  the  formula,  of  a  compound.  These  will  be  discussed 
in  Chapter  XIII- 

Chemical  Calculations  are  largely  based  on  atomic  and 
molecular  weights. 

Percentage  Cotnposition.  —  Since  the  formula  of  a  com- 
pound expresses  its  composition,  it  is  possible  to  calculate 
from  the  formula  the  composition  in  per  cent.  The  for- 
mula of  sulphuric  acid  is  HaSO,,  and  its  molecular  weight 
is  98,  i.e.  2  +  32  +  64.  The  calculations  are  most  easily 
made  by  the  following  proportions: — 


98  :  :^:  100,  x=    2.04  per  cent  of  hydrogen. 
98  ::.«:  too,   jtr=  32.65  per  cent  of  sulphur. 
98  ::x:  100,   jr  =  65,31  per  cent  of  oxygen. 
Total  100.00  per  cent. 


By  the  same  method  the  percentage  composition  of  any 
compound  may  he  calculated. 


104  Descriptive  Chemistry, 

Simplest  Formula. — The  simplest  formula  of  a  compound 
may  be  found  by  dividing  the  percentage  of  each  element 
in  the  compound  by  its  atomic  weight.  The  percentage 
composition  of  sulphuric  acid  is  H=2.04,  5  =  32.65, 
0  =  65.31.  Dividing  each  percentage  by  the  atomic 
weight  of  the  element,  we  have(approximately)  2,04  ■(- 1  =2, 
32.65-1-32  =  1,  65.31 -^  16  =  4.  Hence  the  simplest  for- 
mula of  sulphuric  acid  is  H^SOj.  Sometimes  the  prod- 
ucts of  the  percentages  divided  by  the  atomic  weights 
are  not  whole  numbers.  In  that  case  the  simplest  relation 
is  found  by  proportion.  The  following  problem  illustrates 
this  principle :  the  percentage  composition  of  a  compound 
isC  =  40,  H  =  6.67,  0  =  53.33.  Dividing  as  above,  we 
have  40-f-i2  =  3.33,  6.67 -t- 1  =  6.67 ,  53.33-1-16=3.33.  But 
3.33,  6.67,  3.33  are  in  the  same  proportion  as  1:2:1. 
Hence  the  simplest  formula  is  CHjO. 

Making  Equations.  —  Chemical  reactions  may  be 

pressed  by  equations  (see  page  S3).  One  method  of  work- 
ing out  certain  chemical  equations  is  very  simple. 

It  has  already  been   stated  that  the  equation  for 
reaction  between  magnesium  and  oxygen  is — 
Mg       -I-       O        =       MgO 
Magnesium  Oxygen       Magnesium  Oxide 

This  equation  is  the  outcome  of  the  following:  it  can  be 
readily  shown  by  experiment  that  when  magnesium  is 
heated  in  air  or  oxygen,  the  magnesium  and  oxygen  com- 
bine in  the  ratio  3  :  2.  Now  results  like  this  are  usually 
expressed  in  terms  of  the  atomic  weights  of  the  reacting 
elements.  But  we  do  not  know  the  number  of  atomic 
weights  of  these  elements  which  must  be  taken  to  produce 
the  ratio  3  :  3.  That  is,  we  do  not  know  whether  the 
ratio  requires  the  atomic  weight  or  some  multiple  of  it 
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But  if  we  let  y  equal  the  unknown  number  of  atomic 
weights  of  magnesium  and  z  the  unknown  number  of 
atomic  weights  of  oxygen,  then  we  can  write  the  prelimi- 
nary equation  thus  — 

y  X  at.  wt.  of  mag. :  <sr  x  at.  wt.  oxygen  =  3:2. 

The  atomic  weight  of  magnesium  is  24  and  of  oxygen  is 
16.  Therefore  the  problem  reduces  itself  to  finding  the 
values  of  y  and  z  in  the  equation  — 

_;/  X  24:^  X  16  =  3  : 2. 

By  inspection  ^  =  ^,  and  the  simplest  value  of  each  is  i. 
Now  the  symbol  Mg  stands  for  24  parts  of  magnesium 
and  O  for  16  parts  of  oxygen.  That  is,  Mg  not  only  means 
one  atom  of  magnesium,  but  also  that  this  atom  weighs 
24,  if  one  atom  of  oxygen  weighs  16.  Therefore  Mg  and 
O  are  the  symbols  representing  the  smallest  number  of 
atoms  which  are  equivalent  arithmetically  to  the  ratio 
3  :  2.  The  formula  of  the  product  of  their  combination  is 
MgO,  and  the  simplest  equation  is  — 

Mg  4-  O  =  MgO. 

Again,  suppose  we  wish  to  find  the  correct  equation  for 
the  reaction  between  hydrogen  and  oxygen  in  the  forma- 
tion of  water.  Experiment  shows  that  hydrogen  and  oxy- 
gen  combine  in  the  ratio  of  i  :  8  by  weight.  Pursuing 
the  same  line  of  argument  as  above,  we  let  y  equal  the 
unknown  number  of  atomic  weights  of  hydrogen,  and  z 
that  of   oxygen.     The  preliminary  equation  is  — 

y  X  at.  wt.  of  hydrogen  :  -sr  x  at.  wt.  of  oxygen  =1:8. 
The  atomic  weight  of  hydrogen  is  i  and  of  oxygen  is  16. 
The  equation  now  becomes  — 

^  X  I  :-8'  X  16=  1 :8. 


io6 


Descriptive  Chemistry. 


By  inspection y  =  2s,  and  the  simplest  values  are  y  =  2 
and  3=1.  Now  the  symbol  H  stands  for  i  part  hydro- 
gen and  O  for  i6  parts  of  oxygen.  Therefore,  2  H  and 
O  represent  the  smallest  number  of  atoms  equivalent 
arithmetically  to  the  ratio  i  :  8,  found  by  experiment.  The 
formula  of  the  product  of  their  combination  is  H^O,  and 
the  simplest  equation  is  — 

Hj  +  O  =  H^O. 

By  a  similar  argument  many  simple  chemical  equations 
may  be  developed. 

Another  method  is  often  possible.  When  we  know  the  factors  and 
products  of  a  reaction,  we  can  find  their  symbols  or  formulas  in  the 
book,  construct  a  preliminary  equation,  and  then  balance  the  equation; 
i.e.  select  the  proper  coefficients,  subscripts,  or  both,  so  that  there  shall 
be  an  equal  number  of  atoms  of  each  element  on  both  sides  of  the 
equation.  An  example  will  make  ihb  method  cleir.  When  phospho- 
rus bums  in  oxygen,  phosphorus  pentoxide  is  formed.  The  prelimi- 
nary equation  is  — 

P  +  O  =  PjOj. 

Here  it  is  evident  that  to  balance  the  equatioc 
on  the  left.     Hence  the  final  equation  is — 

2  P  +  5  O  =  P,Oj. 

Again,  when  zinc  and  hydrochloric  acid  interact,  hydrogen  and  zinc 
chloride  are  formed.  The  preliminary  equation  made  from  the  symbols 
and  formulas  is  — 

Zn  +  HCl  =  H  +  ZnCl^. 

By  inspection,  it  is  evident  that  two  atoms  of  chlorine  are  on  the  right 
and  only  one  on  the  left.  To  obtain  CI,  it  is  necessary  to  write 
3  HCl.  But  2  HCl  means  not  only  i  CI  but  2  H.  Hence  the  equa- 
tion becomes  — 

Zn  +  2  HCl  =  H,  +  ZnCV 
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Problems  based  on  Equations.  —  Since  equations  are  expressions 
of  chemical  reactions  which  involve  no  loss  in  weight,  it  is  possible  to 
solve  many  problems  connected  with  reactions.  An  equation  states 
the  proportions  which  participate  in  a  reaction.  Obviously,  any  con- 
venient weights  of  zinc  and  sulphuric  acid  might  be  allowed  to  interact, 
but  the  factors  and  products  are  always  in  the  proportions  given  in  the 
equation  — 

Zn  +  H2SO4      =       Hg       +         ZnS04 

Zinc        Sulphuric  Acid    Hydrogen    Zinc  Sulphate 
65  98    i^  2  161 

This  expression  means  that  65  parts  of  zinc  always  interact  with  98 
parts  of  sulphuric  acid  and  yield  2  parts  of  hydrogen  and  161  parts  of 
zinc  sulphate.  For  parts  we  may  read  grams,  ounces,  kilograms,  —  any 
unit, — but  the  same  unit  must  be  used  throughout  the  calculations. 
Therefore,  if  we  know  the  weight  of  one  substance  participating  in  a 
reaction,  all  other  weights  involved  may  be  readily  calculated. 

Suppose  45  gm.  of  zinc  interact  with  sulphuric  acid ;  the  weights  of 
(<?)  acid  required,  (d)  hydrogen  formed,  and  (c)  zinc  sulphate  produced 
are  calculated  as  follows :  — 

(i)  Write  the  chemical  equation  for  the  reaction,  thus :  — 

Zn  +  H2SO4  =  H2  +  ZnSO^. 

(2)  Place  under  each  term  of  the  equation  its  atomic  or  molecular 
weight,^  as  the  case  may  be,  thus :  — 

Zn  +  H2SO4  =  H2  +  ZnSO^ 
65         98  2  161 

(3)  Place  above  the  proper  terms  the  known  weight  and  required 
weight  {i.e.  X,  Y,  Z,  etc.)  involved  in  the  problem,  thus :  — 

45  X  Y  Z 

Zn  +  H2SO4  =  H2  +  ZnSO^ 
65         98  2  161 


1  The  atomic  weights  are  given  in  the  table  in  the  Appendix,  §  5.    Molecular 
veights  are  obtained  by  adding  the  proper  atomic  weights. 
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(4)    State  in  the  form  of  a  propordon  the  four  terms  involve 
remembering  that  the  known  and  required  weights  are  in  the  same  ral 
as  the  atomic  and  molecular  weights.     Thus,  the  three  proportions 
the  given  problem  are :  — 

(a)  45  :  X  : :  65 :  98 ;  X  =    67.8  gm.  sulphuric  acid. 

(d)  45  :  Y : :  65  :  2  ;      Y  =    1.38  gm.  hydrogen. 

(c)  45  :  Z  : :  65  :  161 ;  Z  =  1 1 1.4  gm.  zinc  sulphate. 
Similar  problems  can  be  solved  by  this  method. 


I  •  Define  and  illustrate  the  term  equhfoUnt.  What  is  the  eqmval< 
of  hydrogen,  oxygen,  sulphur,  zinc,  copper,  magnesium,  silver,  potassiu 
aluminium  ? 

2.  What  is  the  equivalent  of  chlorine  and  of  bromine? 

3.  How  are  equivalents  determined?  Are  they  the  result  of  theo 
or  actual  analysis  ? 

4.  Expand  the  topic,  ^  Atomic  weights  are  often  multiples  of  equivs 
lents." 

5.  What  is  the  atomic  wdght  of  an  element?  How  is  it  related  t 
the  equi\'alent  weight  of  the  element?  Is  an  atomic  weight  absolute  0 
relative?    What  is  the  standard  of  atomic  weight? 

6.  What  does  O  represent  besides  one  atom  of  oxygen? 

7.  What  is  the  approximate  atomic  weight  of  hydrogen,  oxygen 
and  sodium? 

PROBLEMS. 

1 .  Calculate  the  percentage  composition  of  (a)  water  (HjO),  {b)  flJ^* 
sulphide  (ZnS),  (t)  zinc  carbonate  (ZnCOj),  (d)  potassium  chlorat 
(KCIO,). 

2.  Calculate  the  percentage  composition  of  (a)  sugar  (CjjHjaOnJ 
(b)  calcium  sulphate  (CaSO^).  (r)  zinc  sulphate  (ZnSOJ,  (d)  mago« 
sium  oxide  (MgO),  (^')  copper  oxide  (CuO). 

3.  Calculate  the  molecular  weight  of  the  following  compounds  V 
finding  the  sum  of  the  atomic  v»*eights  :  (a)  copper  sulphate  (CUSO4J 
(b)  barium  chloride  (BaCl^).  (t)  manganese  dioxide,  (d)  caldum  oxid< 
(<?)  sodium  hydroxide.  (  /*)  potassium  hydroxide,  {g)  sodium  carbonate 
(h)  potassium  nitrate  (KNOg). 


CHAPTER   X. 

t-  lacHT,  HEAT,  ELECTRICITY,  AND  CHEMICAL  ACTION. 

Chemical  action  is  always  attended  by  one  or  more 
ot  the  different  forms  of  energy,  such  as  light,  heat,  and 
electricity.  This  means  that  a  chemical  change  involves 
uot  only  a  rearrangement  of  matter,  but  also  a  transfor- 
mation of  energy.  Thus,  when  coal  is  burned,  a  new 
compound  called  carbon  dioxide  is  formed,  but  heat  is  also 
liberated.  Sometimes  we  pay  more  attention  to  the  result- 
ing matter  than  to  the  energy,  but  both  are  involved.  In 
the  present  chapter  we  shall  emphasize  the  relation  of 
energy  to  chemical  action.  The  law  of  the  conservation 
°i  energy  should  be  recalled  in  this  connection.  Energy, 
''lie  matter,  cannot  be  created  or  destroyed;  we  can  only 
'ransform  it.  And  the  transformation  involves  no  loss  or 
£am.  Hence,  chemical  energy,  which  is  locked  up,  so  to 
*P^ak,  in  elements  and  compounds,  reveals  itself  as  heat, 
'■ght,  or  electricity. 

^e  Relation  of  Light  to  Chemical  Action  is  illustrated  in  phologra- 
P")'-  Coalings  consisting  of  compounds  of  silver  and  organic  matter  are 
^I'Jicldy  blackened  by  light  (see  Pholograpliy).  Sunlight  fades  many 
i^iiiors.  It  likewise  assists  the  chemical  changes  involved  in  the  growth 
"'  plants.  The  fonnation  of  the  green  coloring  matter  of  foliage  is 
P^nly  ijue  to  sunlight.  A  mixture  of  hydrogen  and  chlorine  gases  re- 
"'^13  unchanged  in  the  dark,  but  in  direct  sunlight  it  explodes  violently. 
*  Ihc  other  hand,  light  is  often  a  product  of  chemical  action.  Many 
"^''Emital  cjqieriments  show  this,  especially  those  with  oxygen.  Sparks, 
"""St  fjames,  and  the  flash  of  a  gun  are  other  illustrations  of  the  close 
^stion  hetween  light  and  chemical  action.  Combustion  in  its  varied 
^»faa  is  usually  attended  by  light. 
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The  Electric  Furnace. — Until  quite  recently  the  i^ 
heat  needed  for  chemical  changes  was  obtained  by  burain 
carbon  or  its  compounds,  such  as  charcoal,  iUurainatir 
gas,  and  oil.  Sometimes  the  blast  lamp  and  oxyhydrogt 
blowpipe  were  used.  But  all  these  sources  have  bet 
surpassed  in  efficiency  by  the  electric  furnace. 

It  is  well  known  that  an  electric  arc  light  produces  i 
tense  heat.  The  high  temperature  of  the  ate,  i.e.  spai 
between  the  glowing  ends  of  the  carbons,  is  unequaled  1 
that  of  any  other  source  of  artificial  heat.  If  the  carbi 
rods  are  inclosed  in  a  box  that  prevents  the  escape  of  hes 
a  temperature  estimated  to  be  about  3500°  C.  is  produc 
inside  the  box.  This  apparatus  is  called  an  electric  fl 
nace.  The  French  chemist,  Moissan,  was  among  the  fi' 
to  use  the  electric  furnace  in  experimenting  at  high  tc 
peratures.  One  form  of  the  electric  furnace  is  shown 
Figure  16. 


F:i;.  16.  — Eleclriofutni 


Moissan's  description  of  his  furnace  is  as  follows :  "  ll  consisted  ' 
two  bricks  of  quicklime  placed  one  on  top  of  the  other.  The  low 
brick  contained  a  longitudinal  groove  to  receive  the  two  electtod 
[carbon  rods],  and  situated  in  the  center  was  a  small  cavity.  Tl 
cavity  might  vary  in  si/e,  and  contained  a  bed  some  centimeters 
depth  of  the  substance  to  be  acted  upon  by  the  heat  of  the  arCi  01 
small  crucible  of  carbon  containing  the  substance  to  be  treated  may 
placed  there.  The  upper  brick  was  slightly  hollowed  out  in  the  p 
just  above  the  arc.     As  the  intense  heat  of  the  current  soon  melted  1 
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>f  the  lime,  giving  it,  at  the  same  time,  a  beautiful  polish,  a 
3  obtained  in  this  way  ithich  reflected  all  the  heat  on  to  the 
■ity  which  coQlamed  the  crucible  " 
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Q  a  current  is  passed  through  the  carbon  rods,  the 
lous  heat  produced  is  retained  in  the  space  by  the 
[ducting  walls  and  acts  upon  the  substance  below 
.  The  outside  of  the  furnace  remains  cold  enough 
ouched  by  the  hand,  but  the  inside  becomes  veiy 

her  type  of  electric  furnace  is  shown  in  Figure  17. 

kind  the  substance  itself  helps  generate  heat,  for 
itricity  in  passing  from  one  electrode  (as  the  carbon 
e  called)  through  the  substance  to  the  other-  elec- 
leets  with  so  much  resistance  that  intense  heat  is 
:d. 

ither  type  of  furnace  is  there  any  electrical  action 
e  chemicals.  The  intense  heat  alone  produces  the 
ible  changes.  Sand,  lime,  magnesium  oxide,  and 
ifractory  oxides  melt  and  volatilize.     The  elements 

silicon,  and  boron  boil ;  and  gold,  copper,  and 
n  quickly  melt  and  vaporize.  Stable  compounds 
on,  boron,  and  silicon  are  formed,  called  carbides, 

and  silicides.     Some  of  the  carbides  have  an  in- 

use  as  well  as  scientific  interest,  especially  calcium 

and  silicon  carbide  (see  below). 
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Industrial  Use  of  the  Electric  Furnace.  —  Huge  elec' 
trie  furnaces  constructed  on  the  resistance  type  are  now 
in  active  operation.  And  since  electricity  is  readily  ob- 
tained in  many  localities  by  running  dynamos  by  water, 
new  industries  requiring  intense  and  continuous  heat  have 
recently  sprung  into  existence.  Several  of  these  plants 
are  located  at  Niagara  Falls,  which  furnishes  enormous 
power. 

Calcium  Carbide  is  made  on  a  large  scale  by  heating  a 
mixture  of  lime  and  coke  (a  form  of  carbon)  in  an  electric 
furnace.  The  chemical  change  is  caused  solely  by  the 
intense  heat  and  may  be  represented  thus :  — 

3C       +       CaO       =         CaCj  +  CO 

Carbon  Lime  Calcium  Carbide       Carbon  Monorid( 

This  method  of  making  calcium  carbide  cheaply  was.  dis- 
covered independently  and  at  about  the  same  time  (1892- 
1895)  by  Moissan  and  Willsoa.  The  furnaces  now  in 
operation  vary  in  details,  but  all  have  one  essential  feature, 
viz.,  the  heat  is  generated  by  electricity  passing  through 
materials  offering  resistance.  In  most  furnaces  one  elec- 
trode is  a  crucible  wholly  or  partly  of  carbon,  and  the  other 
electrode  is  a  stout  carbon  pillar  dipping  into  the  mixture. 
Calcium  carbide  is  a  hard,  brittle,  dark  gray,  crystalline 
solid  with  a  metallic  luster.  Its  specific  gravity  is  2.2, 
The  most  striking  and  useful  property  is  its  action  wifli 
water,  acetylene  being  formed,  thus :  — 

CaCa      -f     sHjO     =    C^H^  +         Ca(OH)j 

Calcium  Carbide        Water  Acetylene  Calcium  HydroM* 

Calcium  carbide  is  used  to  generate  acetylene  gas.  This 
gas  burns  with  a  brilliant  flame,  and  is  coming  into  general 
use  as  an  illuminant.     Owing  to  its  action  with  water, 
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:alcium  carbide  is  packed  and  sold  in  air-tight  cans  (see 
Acetylene). 

Carborundum  is  a  compound  of  silicon  and  carbon,  hav- 
ng  the  composition  SiC.  It  is  made  in  the  electric  furnace 
jy  fusing  sand  (silicon  dioxide,  SiO^),  coke,  sawdust,  and 
rommon  salt.  The  essential  chemical  change  is  repre- 
lented  thus:  — 

SiOa         +        3C       =        SiC  +  2  CO 

Silicon  Dioxide  Carbon  Catborundum  Carbon  Monoxide 

Carborundum  is  silicon  carbide  {or  carbon  silicide).  It 
s  a  crystallized  solid,  varying  in  color  from  white  to  emerald 
i;reen  and  is  sometimes  iridescent.  It  is  extremely  hard, 
>eing  harder  than  ruby  and  nearly  aa  hard  as  diamond. 
The  extreme  hardness  of  carborundum  has  led  to  its  wide 
ipplication  as  an  abrasive,  and  large  quantities  are  made 
nto  a  great  variety  of  grinding  wheels,  whetstones,  and 
polishing  cloths. 

Carborundum  is  a  good  conductor  of  heat.  lis  specific  gravity  is 
itraut  three.  Acids  have  no  aclion  upon  it,  but  it  is  decomposed  by 
iising  witli  potassium  hydroxide  and  other  alkalies. 

Carborundum  is  manufactured  In  a  huge  electric  furnace,  shown  in 
Figure  i3.  It  is  anoblongboxofbriclns  with  permanent  ends  and  loosely 
DuDt  sides.  Each  end  is  provided  with  a  heavy  metal  plate.  The  wires 
or  the  electric  current  are  attached  to  the  outer  ends  of  these  plates, 
vhile  the  huge  carbon  electrodes  fit  into  ihe  inner  ends,  and  project  into 
:he  fiirnace.  A  cylinder  of  granulated  coke  makes  an  electrical  connec- 
ion  between  llie  electrodes.  In  this  furnace  tlie  mixture  is  not  heated 
Dy  an  electrical  arc,  but  by  the  resistance  of  the  carbon  core  to  the  pas- 
Bge  of  the  powerful  current  of  electricity.  The  chemical  change,  as  In 
he  manufecture  of  calcium  carbide,  is  due  solely  to  heat.  The  current 
s  passed  through  the  mixture  for  about  eight  hours.  When  the  opera- 
Jon  is  over  and  the  furnace  Is  cool,  the  side  walls  are  pulled  down,  and 
:he  carborundum  is  removed.  The  purest  grade  is  found  around  the 
»re.  It  is  crushed,  treated  with  sulphuric  acid  to  remove  the  impurities, 
cashed,  dried,  and  graded  according  to  the  size  of  the  particles. 
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Artificial   Graphite   is   now   manufactured  on  a  : 
cale  at  Niagara  Falls  by  heating  a  special  grade  of 
r  of  coke  in  an  eiectric  furnace.     The  process  is  el© 
hernial,  and  yields  a  product  that  is  exceptionally  sui 
or  the  electrodes  used  in  electrolytic  and  electrothe 
pparatus.     Graphite  is  a  form  of  carbon.                  J 
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ation  between  Electricity  and  Chemical  Action 
been  a  fascinating  subject.  Volta  constructed 
pile  about  1800.  Ttiis  was  one  of  the  first,  per- 
rst,  source  of  an  electric  current.  In  May,  iSoo, 
and  Carlisle  decomposed  water  into  hydrogen 
1  by  an  electric  current  obtained  from  a  thermo- 
the  same  year  Cruikshank  obtained  lead  and 
solutions  of  their  salts.  And  in  1807  Davy 
!  elements,  sodium  and  potassium,  by  passing  an 
rrent  (obtained  from  a  large  battery)  through 
tic  soda  and  caustic  potash  respectively.  From 
intil  the  present  day,  electrochemistry  has  been 
chemists, 

1b  readily  transformed  into  chemical  energy,  and  vice 

peal  iliuslralion  of  the  transforma- 

ical   energy  inlo  electricity  is  fur- 
voltaic  cell. 

[c  (or  Galvanic)  Cell  in  its  simplest 
of  two  mt'tals  connected  by  a  wire 

ito  a  liquid  wliich  will  interact  with 

Bt^  (Fig.  19).     Copper,  zinc,  and 
Ig  sulphuric  acid  may  be  used  as 
When  the  connected  metals  are 

dd,  the  line  slowly  disappears  and      ^'"'-  I'j-— ^"'i^c  "^ei- 

iblea  appear  on  the  copper.  Further  examination  would 
zinc  and  sulphuric  add  interacted,  forming  zinc  sulphate. 
cbaage  Is  the  one  already  described  under  hydrogen,  and 

lented  thus :  — 


Sulphuric  Acid 


ZnSOj 
Zinc  Sulphate 


A 
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and  a  shower  of  sparks  is  produced  if  the  wire  is  cut  and  one  end  if 
drawn  down  a  file  while  the  other  is  held  firmly  upon  it.  The  source  of 
the  ekclric  current  Is  obviously  the  chemicai  action  between  the  acidand 
rinc.  The  topper  is  necessary,  otherwise  the  product  of  the  chemical 
action  would  be  merely  heat.  Carbon  is  often  used  in  place  of  copper, 
and  other  liquids  instead  of  sulphuric  acid.  The  liquid  chosen,  how- 
ever, must  be  oue  that  will  interact  with  zinc  or  its  substitute.  Several 
cells  joined  together  form  an  electric  battery.  For  many  years  the 
battery  was  thechief  source  of  the  electric  current.  And  it  is  now  used, 
especially  for  ringing  telephone,  house,  fire  alarm,  and  signal  bells,  and 
in  operating  the  telegraph.  The  dynamo  is  now  widely  used  togeneraM 
powerful  currents  of  electricity. 

Electrochemical  Terms.  —  Faraday  (1791-1867)  investi- 
gated electrochemistry  about  1834,  and  introduced  many 
terms  in  common  use.  He  called  the  decomposing  process 
electrolysis,  and  the  decomposable  liquid  the  electrolyte ;  the 
wire  by  which  the  current  entered  he  called  the  anode; 
and  that  by  which  it  escaped,  the  cathode.  "  Finally,"  he 
says,  "  I  require  a  term  to  express  those  bodies  which  pass 
to  the  electrodes.  I  propose  to  distinguish  such  bodies  by 
calling  those  anions  which  go  to  the  anode  of  the  decora- 
posing  body;  and  those  passing  to  the  cathode,  cations; 
and  when  I  have  occasion  to  speak  of  these  together,  I 
shall  call  them  ions.  Thus,  chloride  of  lead  is  an  electro- 
lyte, and  when  electrolyzed  evolves  the  two  ions,  chlorine 
and  lead,  the  former  being  an  anion  and  the  latter  a 
cation."  These  terms  are  used  to-day,  though  in  a  some- 
what broader  sense.  Electrolysis  is  the  series  of  chemical 
changes  accompanying  the  passage  of  an  electric  current 
through  a  dissolved  or  fused  {i.e.  melted)  compound.  Tlie 
compound  thus  decomposed  is  an  electrolyte.  The  metal- 
lic or  carbon  rods  which  conduct  the  current  of  electrici^ 
to  and  from  the  electrolyte  arc  called  thepoles,  or  better,  the 
electrodes.     Electrodes  are  usually  made  of  platinum,  cop* 
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^err,  zinc,  mercury,  or  hardened  carbon ;  they  may  have 
any  shape  —  rod,  wire,  sheet,  plate,  box,  crucible ;  and  they 
may  also  be  solid,  liquid,  or  powder,  as  well  as  fixed  or 
movable.  The  electrodes  are  connected  by  wires  with  the 
source  of  the  electric  current,  and  serve  as  "doors" —  to 
quote  Faraday  again  —  for  the  current  to  flow  into  and  out 
of  the  electrolyte  and  through  the  wire  connecting  the 
electrodes.  We  speak  of  a  "current"  of  electricity  and 
of  electricity  as  "flowing,"  although  we  do  not  know  the 
nature  of  electricity,  nor  do  we  mean  really  that  it  flows,  like 
a  river,  only  in  one  direction.  It  is  customary  to  speak  of 
the  current  as  entering  the  solution  by  the  anode  or 
positive  electrode  and  leaving  by  the  negative  electrode 
or  cathode.  The  anode  is  the  electrode  that  is  often  con- 
sumed or  worn  away,  either  mechanically  or  chemically. 
But  solids  are  often  deposited  upon  the  cathode,  as  will 
soon  be  described.  Ions  are  the  independent  particles  into 
which  the  electrolyte  is  decomposed ;  they  are  charged  with 
electricity.  Ion  comes  from  a  Greek  word  which  means 
wandering  or  migrating.  And  a  cation  is  that  ion  which 
moves  down  or  along  with  the  current  of  electricity  to  the 
cathode,  where  it  is  separated,  deposited,  or  modified ;  while 
an  anion  is  that  ion  which  moves  upward  or  against  the  cur- 
rent to  the  anode,  where  it  likewise  appears  in  various  forms. 
Anions  are  electro- negative  ions,  but  cations  are  electro- 
positive ions.  Metalhc  ions  are  cations ;  hence  metals 
are  deposited  at  the  negative  electrode  or  cathode.  Non- 
metalhc  ions  are  usually  anions,  therefore  oxygen,  chlorine, 
and  non-metalhc  groups  (e.g.  OH)  appear  at  the  anode. 
Hydrogen  is  electro-positive.  In  general,  metals  are  electro- 
positive, and  non-metals  (except  hydrogen)  are  electro-nega- 
tive. Ions  follow  the  law  of  electric  attraction  and  repulsion ; 
those  charged  with  the  same  kind  of  electricity  repel  each 
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other,  and  those  with  unlike  kinds  attract  Hence  the 
electro -positive  cations  move  toward  the  electro-negative 
cathode,  and  the  electro -negative  anions  move  toward  the 
electro-positive  anode.  Ions  are  further  described  under 
Ionization  (see  below).  An  elec- 
trolytic cell  is  the  apparatus  in 
which  electrolysis  takes  place 
(Fig.  20).  Its  parts  are  analo- 
gous to  the  voltaic  cell,  —  the 
containing  vessel,  the  two  elec- 
trodes, and  the  electrolytic  solu- 
tion. The  vessel  may  have  any 
desired  shape,  and  is  made  of 
material  which  will  resist  the  corrosive  action  of  the  electro- 
lyte or  which  will  withstand  a  high  temperature.  Unlike  the 
voltaic  cell,  the  electrolytic  cell  generates  no  electric  current; 
it  receives  the  current  from  a  dynamo  or  a  battery.  Elec- 
trolysis is  accomphshed  on  a  large  scale  in  electrolytic  cells, 
illustrations  of  Electrolysis.  —  Electrolysis  may  be 
simple,  but  it  is  usually  very  complex.  Two  illustrations 
will  be  given.  When  two  platinum  electrodes  are  put  into 
hydrochloric  acid  and  a  current  o£  electricity  is  passed, 
hydrogen  is  liberated  at  the  cathode,  and  chlorine  is  liber- 
ated at  the  anode.  This  is  a  simple  instance  of  electrolysis. 
But  when  an  aqueous  solution  of  sodium  chloride  is  electro- 
lyzed,  the  action  is  different.  Theoretically,  the  products 
should  be  sodium  and  chlorine,  but  they  are  hydrogen, 
sodium  hydroxide,  and  chlorine.  The  sodium  liberated  at 
the  cathode  immediately  interacts  with  the  water  to  form 
hydrogen  and  sodium  hydroxide.  Furthermore,  unless  the 
chlorine  and  sodium  hydroxide  are  removed,  they  wiU 
interact  to  form  compounds  of  chlorine,  which  vary  io 
composition  with   the  temperature,  etc. 
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^Tndustrial  Applications  of  Electrolysis.  — The  earliest 
industrial  application  of  electrolysis  was  in  electrotyping 
and  electroplating.  These  operations  consist  in  depositing 
a  thin  film  of  metal  upon  a  surface.  They  are  fundamen- 
tally the  same,  though  copper  is  the  only  metal  used  for 
producing  electrotypes.  Electrotypes  are  exact  repro- 
ductions of  the  original  objects.  The  process  of  electro- 
typing  is  substantially  as  follows :  the  page  of  type,  or 
the  woodcut,  is  first  reproduced  in  wax  or  plaster.  This 
exact  impression  is  next  covered  with  powdered  graphite 
to  make  it  conduct  electricity.  The  coated  mold  is  then 
suspended  as  the  cathode  in  an  acid  solution  of  copper 
sulphate ;  the  anode  is  a  plate  or  bar  of  copper.  When 
the  current  is  passed,  electrolysis  occurs ;  copper  is  dis- 
solved from  the  anode  and  deposited  upon  the  mold  in  a 
film  of  any  desired  thickness.  The  exact  copper  copy  is 
stripped  from  the  mold,  backed  with  metal  or  mounted  on 
a  wooden  block,  and  used  instead  of  the  type  or  woodcut 
itself.  By  this  process  exact  copies  of  expensive  wood 
engravings  can  be  cheaply  reproduced,  and  type  can  be 
saved  from  the  wear  and  tear  of  printing.  Most  books, 
magazines,  and  newspapers  are  now  printed  from  electro- 
types. The  process  of  electroplating  differs  from  elec- 
trotyping in  only  one  essential,  viz.,  in  electroplating,  the 
deposited  film  is  not  removed  from  the  object.  The  object 
to  be  plated  is  carefully  cleaned  and  made  the  cathode; 
the  anode  is  a  bar  or  plate  of  the  metal  to  be  deposited, 
When  the  current  passes  through  the  system,  the  metal  is 
firmly  deposited  upon  the  object.  The  electrolysis  would 
lake  place,  of  course,  if  any  anode  were  present ;  but  anodes 
of  the  metal  to  be  deposited  are  usually  used  to  prevent 
the  solution  or  "  bath  "  from  weakening.  They  accom- 
plish the  purpose  by  replenishing  the  solution  with  metal 
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as  fast  as  it  is  removed  and  deposited  upon  the  cathoSIP 
Silver,  nickel,  and  gold  are  the  usual  metals  used  in 
electroplating  (see  these  metals). 

Electroplating  and  electrotyping  have  been  done  since 
about  1840.  It  is  only  within  the  last  ten  or  fifteen  years, 
however,  that  the  electric  current  has  been  profitably 
applied  in  many  industries.  But  during  this  time  the 
development  of  electrochemistry  has  been  very  marked. 
The  largest  of  these  industries  is  the  refining  of  copper. 
The  process  is  similar  to  that  described  under  electro- 
typing.  Other  metals,  such  as  gold,  silver,  and  lead,  are 
extracted  from  their  ores  and  purified  by  electricity,  though 
the  older  processes  are  still  used.  'AH  the  aluminium,  mag- 
nesium, and  sodium  of  commerce  are  now  manufactured  by 
passing  an  electric  current  through  their  fused  compounds, 
Nearly  all  the  domestic  potassium  chlorate  and  much  of 
the  caustic  soda  are  made  by  electrolysis.  The  same  is 
true  of  barium  compounds  and  many  other  chemicals. 
These  electrochemical  processes  will  be  fully  discussed  in 
the  appropriate  places. 

The  Theory  of  Electrolytic  Dissociation  was  first  re- 
ferred to  briefly  in  discussing  the  nature  of  solution,  again, 
more  fully,  in  the  chapter  on  Acids,  Bases,  apd  Salts,  and 
a  third  time  in  the  foregoing  treatment  of  electrolysis.  It 
is  now  appropriate  to  consider  this  theory  at  l.eqgth.  Ac- 
cording to  the  theory,  spme  of  the  molecules  of  certain 
substances  called  electrolytes  (viz.  acidsf  b^ses,  and  salts) 
dissociate  in  solution  into  electrically  charged  particles 
called  ions ;  such  solutions  conduci:  electricity,  and  when  the 
electric  current  passes,  the  charged  particles  or  ions  move 
to  their  proper  electrodes,  where  various  changes,  both 
electrical  and  chemical,  take  place.  Thus,  when  sodium 
chloride  is  dissolved  in  water,  much  of  the  salt  dissociates 
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into  the  ions,  sodium  and  chlorine;  the  sodium  ions  are 
charged  positively,  and  the  chlorine  ions  negatively. 
Now,  when  an  electric  current  is  passed  into  the  solution, 
the  ions  move  toward  their  proper  electrodes.  When  the 
ions  reach  their  respective  electrodes,  they  give  up  their 
electric  charges  and  assume  their  normal  conditions. 
Thus,  the  positive  sodium  ions  give  up  their  charges  at 
the  negative  electrode,  or  cathode,  and  become  sodium 
atoms.  The  latter  interact  with  water  to  form  hydrogen 
and  sodium  hydroxide.  Similarly,  the  negative  chlorine 
ions  give  up  their  charges  at  the  positive  electrode,  or 
anode,  and  become  neutral  atoms,  which  at  once  unite  to 
form  chlorine  molecules. 

The  dissociation  of  certain  substances  when  in  aqueous 
solution  is  also  called  ionization.  Two  kinds  of  ions  are 
present  in  every  electrolytic  solution,  viz.  electro-positive 
ions,  or  cations,  and  electro-negative  ions,  or, anions. 
Ions,  although  formed  by  the  dissociation  of  molecules, 
are  not  identical  with  atoms,  but  differ  mainly  in  having  a 
charge  of  electricity.  For  example,  when  sodium  chloride 
is  dissolved  in  water,  the  electro-positive  sodium  ions  move 
about  in  the  water  without  producing  any  apparent  chemi- 
cal change;  but  ordinary  sodium  interacts  violently  with 
water,  as  we  have  already  seen.  Similarly,  the  chlorine 
ions  circulate  freely  in  water  and  exhibit  none  of  the 
effects  of  gaseous  chlorine  upon  water.  In  a  word,  in 
such  a  solution  the  sodium  ions  and  chlorine  ions  exist 
side  by  side  without  any  apparent  decomposition  of  the 
water  or  any  apparent  tendency  to  combine  with  each 
other.  It  is  customary  to  represent  ions  by  chemical 
symbols  supplemented  by  the  sign  which  designates  the 
kind  of  electric  charge.  Thus,  the  ions  formed  by  the 
dissociation  of  sodium  chloride  are  Na^  and  Cl~,  while 
potassium  nitrate  yields  K"*"  and  NOa" 
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Application  of  the  Theory  of  Electrolytic  Dissocia- 
tion.—  Many  facts  of  chemistry  become  intelHgible  when 
interpreted  by  this  theory,  ( [ )  Ordinary  tests  are  tests 
for  ions.  For  example,  all  chlorides  in  solution  have  the 
same  test.  That  is,  they  all  interact  with  silver  nitrate 
in  solution,  because  all  have  chlorine  ions  in  the  solution. 
Similarly,  all  soluble  sulphates  interact  with  barium  chlo- 
ride in  solution,  because  all  sulphates  have  SO4  ions  in  the 
solution.  Both  silver  chloride  and  barium  sulphate  are 
insoluble,  and  are  removed  from  the  solution  as  precq)i- 
tates.  A  complete  illustration  will  make  this  fact  clearer. 
The  silver  nitrate  and  sodium  chloride  solutions  before 
mixing  consist  largely  of  the  ions  of  silver,  NOg-group, 
sodium,  and  chlorine.  When  mixed,  the  ions  of  silver 
and  chlorine  unite  to  form  silver  chloride,  which  is  in- 
soluble and  hence  not  ionized ;  the  solution  still  contains 
ions  of  sodium  and  of  the  NOg-group.  .  On  the  other 
hand,  if  solutions  of  potassium  chlorate  and  silver  nitrate 
are  mixed,  no  silver  chloride  is  formed,  because  no  chlo- 
rine ions  are  available.  Potassium  chlorate  dissociates 
into  ions  of  potassium  and  CIO3.  Equations  are  often 
used  to  express  ionization.  Thus,  the  ionic  equation  for 
the  interaction  of  sodium  chloride  and  silver  nitrate  is  — 

Na  +  CI  -I-  Ag  4-  NOg  =  AgCl  +  Na  -t-  NOg. 

I  (2)  Ionization  explains  the  General  Properties  of  Adds,  ■ 
Bases,  and  Salts.     Acids  in  solution  turn  litmus  red,  be- 
cause their  solutions  contain   hydrogen  ions  (H),      Simi- 
larly, bases  turn  litmus  blue,  because  their  solutions  contain 

hydroxyl  ions  (OH).  But  solutions  of  neutral  salts  con- 
tain neither  hydrogen  nor  hydroxyl  ions,  hence  they  do 
not  affect  litmus.      The  above  principles  can   be  readilj 
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extended  to  cover  acid  and  basic  salts.  The  other  general 
properties  of  acids  and  bases  are  believed  to  be  due  to  the 
above  causes.  {3)  Neutralization,  interpreted  by  the  ionic 
theory,  is  fundamentally  the  union  of  hydrogen  and  hy- 
droxy] ions  to  form  molecules  of  water.  Suppose  hydro- 
chloric acid  and  potassium  hydroxide  are  mixed.  The 
solution  at  first  contains  the  hydrogen,  chlorine,  potassium, 
and  hydroxy!  —  all  as  ions.  But  the  hydrogen  and  hy- 
droxy! immediately  unite  to  form  water,  leaving  the  po- 
tassium and  chlorine  ions  in  the  solution.  This  solution 
is  thus  rendered  neutral  by  the  removal  of  the  hydrogen 
ion  —  its  acid  constituent  —  and  of  the  hydroxyl  ion  —  its 
basic  constituent.  The  ionic  equation  expressing  the 
neutralization  of  potassium  hydroxide  by  hydrochloric 
acid  is  — 

ic  -t-  OH  +  H  -f-  CI  =  K  -i-  CI  -1-  HjO. 
The    potassium   and   chlorine   ions  remain  free  and   un- 
combined  until  the  solution  is  evaporated.     As  the  con- 
centration increases,  the  ions  unite  until  nothing  remains 
except  the  neutral  salt  potassium  chloride. 

Neutralisation,  therefore,  as  inteqjreteci  Iiy  the  ionic  theory,  is  essen- 
tially a  union  of  hydroxyl  and  hydrogen  ions.  This  view  is  supported 
by  much  experimental  evidence.  For  example,  the  heat  of  neutraliza- 
tion produced  by  the  interaction  of  equivalent  quantities  of  strong 
adds  and  bases  is  approximately  the  same,  provided  the  solutions  are 
dilute  and  other  thermal  changes  do  not  occur.  Thus,  when  18  gm,  of 
water  are  formed  by  the  act  of  neutralization,  13,700  calories  of  heat  are 
liberated.    A  general  ionic  equation  for  typical  neutralization  might  be 

OH-  -I-  H+  =  HaO  +  13,700  calories. 
Many  cases  of  electrolysis  are  readily  interpreted  by  the  theory  of 
electrolytic  dissociation.  The  electrolysis  of  copper  sulphate  fiirnishea 
a  typical  illustration.  The  ions  of  a  copper  sulphate  solution  are  copper 
ioos  (Cu++)  and  sulphate  ions  (SO, — ).  When  this  solution  is  elec- 
trolysed, the  copper  ions  (Cu+*)  migrate  to  the  cathode,  lose  their  dec- 
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trie  charges,  become  copper  atoms  (Cu),  and  adhere  as  metallic  coppei 
to  the  cathode.  The  sulphate  ions  (SO, — )  lose  their  electric  charges 
at  the  anode  and  become  ordinary  uncharged  atomic  groups  (SO,).  But 
this  group  of  ^oms  is  chemically  unstable,  and  immediately  interacts 
with  the  water  around  the  anode,  forming  sulphuric  acid  (HoSO,)  and 
oxygen  (O).  The  oxygen  escapes,  but  the  sulphuric  acid  mingles 
with  the  solution  and  dissociates  into  its  ions.  Similarly,  a  solution 
of  sodium  sulphate  when  undergoing  electrolysis  yields  sulphuric  add 
at  the  anode  and  sodiuni  hydroxide  (NaOH)  at  the  cathode ;  the  elec- 
trolyte itself  {sodium  sulphate)  furnishes  directly  only  sodium  and  sul- 
phate ions,  which  lose  their  charges  at  the  electrodes,  and  by  their 
subsequent  chemical  interaction  with  the  water  give  the  final  result  just 
stated.  The  so-called  electrolysis  of  water  is  interpreted  as  follows; 
Water  itself  does  not  conduct  electricity  to  an  extent  which  is  compa- 
rable with  the  behavior  of  an  electrolytic  solution,  because  water  disso- 
ciates only  inappreciably  and  gives  therefore  an.  exceedingly  small 
number  of  ions.  A  solution  of  sulphuric  acid  contains  hydrogen  Ions 
(H+H+)  and  sulphate  ions  (SO,- -).  When  a  current  is  passed 
through  this  solution,  hydrogen  ions  migrate  to  the  cathode,  lose  their 
electric  charges,  become  hydrogen  atoms,  and  eventually  escape  as 
hydrogen  gas  ;  the  SO,-ions  migrate  to  the  anode,  lose  their  electric 
charges,  become  SO,-groups,  and  interact  with  the  water  to  form  sul- 
phuric acid  and  oxygen.  The  oxygen  escapes  as  a  gas,  while  the  sul- 
phuric acid  dissociates  into  its  ions.  The  water,  therefore,  is  not  split 
up  directly  into  hydrogen  and  oxygen,  as  was  formerly  supposed.  The 
two  liberated  gases  are  produced  by  the  joint  operations  of  electrolysis 
and  subsequent  chemical  action,  but  the  gases  would  not  be  liberated 
at  all  unless  the  ionization  of  the  sulphuric  acid  had  previously  occurred 

Degree  of  Dissociation  of  Acids,  Bases,  and  Salts.  — The 

degree  to  which  acids,  bafics,  and  salts  dissociate  is  due  to 
two  factors,  viz.  the  nature  of  the  substance  itself  and  the 
concentration  of  the  solution.  In  general,  dissociation  is 
slight  in  a  concentrated  solution,  and  increases  as  the  solu- 
tion becomes  more  and  more  dilute.  The  percentage  of 
dissociation  of  certain  electrolytes  in  solutions  of  a  definite 
strength  and  at  the  same  temperature  (iS'  C.)  is  given  in 
the  following  — 


J 
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Table  of  Ionization. 


Substance. 

Per  Cent  of  Ionization. 

Hydrochloric  acid 

Nitric  acid 

90 
90 
60 

SulDhuric  acid 

Potassium  chloride 

Potassium  nitrate 

Potassium  hydroxide 

Sodium  hydroxide 

8s 

83 
86 

86 

Numerous  facts  support  the  theory  of  electrolytic  dis- 
sociation. Only  one,  however,  can  be  discussed  here. 
It  has  long  been  known  that  solutions  boil  at  a  higher 
temperature  and  freeze  at  a  lower  temperature  than  pure 
water.  A  fresh-water  river,  for  example,  freezes  before 
the  ocean,  and  water  containing  considerable  mineral  mat- 
ter boils  at  a  higher  temperature  than  pure  drinking  water. 
It  is  generally  true  that  a  dissolved  substance  raises  the 
boiling  point  and  lowers  the  freezing  point  of  a  given  solu- 
tion. Now,  when  weights  of  non-electrolytes  equal  to 
their  molecular  weights  are  dissolved  in  the  same  weight 
of  water,  the  boiling  point  of  each  solution  is  raised  the 
same  number  of  degrees  and  the  freezing  point  is  lowered 
the  same  number  of  degrees.  Thus,  the  freezing  point  of 
water  is  depressed  about  1.89°  C.  by  a  solution  of  342  gm. 
of  cane  sugar  iS^\<^<^\\)  and  58  gm.  of  acetone  (CgHgO), 
each  dissolved  in  1000  gm.  of  water.  But  when  solutions 
of  electrolytes,  i,e,  acids,  bases,  and  salts,  are  experimented 
with,  the  freezing  point  is  lower  than  that  produced  by 
non-electrolytes  under  the  same  experimental  conditions. 
Moreover,  the  depression  is  not  uniform  for  all  electrolytic 
solutions  under  uniform  conditions.     For  example,  a  solu- 
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tkm  contaimng  58.5  gm.  of  sodhnn  chloride  to  the  liter 
depresses  the  freezing  point  of  water  about  3.5^  C,  or 
nearly  twice  the  amount  produced  by  a  cane  sugar  solu- 
tion of  equivalent  concentration.  These  facts  lead  us  to 
believe  that  solutions  of  non-electrohtes  contain  only  mole- 
cules, while  solutions  of  electrolytes  contain  ions  into  which 
some  of  the  molecules  have  dissociated.  Hence  the  num- 
ber of  independent  particles  (molecules  and  ions)  in  the 
electrohtic  solution  is  greater  than  in  the  non-electrolytic 
solution.  Ions  and  molecules  act  aUke  on  the  freezmg 
point  of  a  solution,  and  the  larger  the  number  of  particles, 
the  greater  the  depression.  Analogous  statements  can  be 
made  about  the  elevaticm  of  the  boiling  point  of  solutions. 


1.  What  transfonnaitioos  of  eiieigy  accompany  diemical  acdon? 
nfaistrate  tout  answer. 

2.  State  and  Dlastrate  the  law  of  die  oonsenratioQ  of  energy. 

3.  Discuss  the  rdation  of  light  to  chemical  action.  Give  popol^ 
and  scientinc  illastrations  of  (•2)  the  production  of  diemical  action  by 
fight,  and  (^)  production  of  light  by  chemical  action. 

4.  Denne  and  fllustTate  («i)  calorie.  (>)  thennal  eqoaticm,  (c)  heat  or 
fofmadon.  (J)  exothermic,  (/)  heat  of  decomposition^  (/)  endothennic; 
(^)  nes:ati\-e  heat. 

5.  Give  several  iOustiations  of  the  production  of  (tf)  heat  by  diemi* 
cal  action,  and  (^)  r-A.v  ivror, 

6.  When  an  electric  spark  is  passed  through  a  mixture  of  two  1^* 
umes  of  hvdros^en  and  one  vohime  of  oxxxen.  what  is  the  result  ?  Is  it 
due  directly  to  electricity  or  to  heat  ? 

7.  Denne  and  iUizstrate  kindling  temperature. 

8-  Name  several  sources  of  heat.  How  may  electricity  be  used  as 
a  source  of  heat  ? 

9.  Describe  Moissan^s  electric  furnace.  Why  is  it  so  efficient  ?  L 
its  effect  thermal  or  electrical  ?  State  some  results  produced  by  Moissai 
with  this  tumace.  Describe  N>:h  t\~pes  of  electric  fiimace.  Has  tb 
dectric  fiimace  anv  industrial  use  ?    Where? 
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D.  What  is  calcium  carbide  ?  How  is  it  made  ?  State  the  equation 
he  reaction.  What  are  its  properties  ?  For  what  is  it  used  ?  How 
lid  it  be  stored  ? 

1.  What  is  carborundum  ?  How  is  it  made  ?  State  the  equation 
he  reaction.    What  are  its  properties  and  uses  ? 

2.  What  is  artificial  graphite  ?  How  is  it  made  ?  For  what  is  it  used  ? 

3.  Give  several  illustrations  of  the  production  of  (a)  electricity  by 
nical  action,  and  (Ji)  vice  versa, 

4.  State  briefly  the  first  chemical  changes  which  were  produced  by 
tridty. 

5.  Describe  a  simple  voltaic  cell.  Why  is  it  so  called  ?  What  is 
source  of  the  electric  current  manifested  by  the  cell  ?  What  is  an 
trie  battery  ?    For  what  is  it  used  ? 

6.  Define  and  illustrate  {a)  electrolysis,  (b)  electrolyte,  {c)  elec- 
le,  {d)  anode,  {e)  cathode,  (/)  ions,  {g)  anion,  (Ji)  cation,  (/)  posi- 

electrode,  (/)  negative  electrode,  {k)  ionization,  (/)  electrolytic 
ociation. 

7.  Where  are  {a)  anions  and  (Jb)  cations  liberated  ? 

8.  Describe  an  electrolytic  cell.  How  does  it  differ  from  a  voltaic 
?   For  what  is  it  used  ? 

9.  Describe  the  electrolysis  of  {a)  hydrochloric  acid,  (J?)  sodium 
dde,  (^r)  water. 

0.  Compare  acids,  bases,  and  salts  as  to  relative  ionization  in  solu- 
s  of  the  same  concentration. 

1.  Give  a  brief  account  of  Faraday's  contribution  to  electrochemistry. 

2.  Describe  the  process  of  {a)  electrotyping  and  (J))  electroplating. 

3.  State  some  industrial  applications  of  the  electric  current. 

\,  What  is  the  theory  of  electrolysis  ?    What  is  the  present  theory 

ilution  in  water  ?    What  is  the  theory  called  ?    Why  ?    What  fects 

ortit? 

;.  Define  and  illustrate  an  ionic  equation.     Write  the  ionic  equa- 

for  the  interaction  of  nitric  acid  and  potassium  hydroxide. 

I.  Write  equations  for  the  following :  {a)  Iron  and  sulphur  combine 

e  ratio  of  7  to  4.     (J))  Ammonia  gas  and  hydrochloric  acid  gas  form 

onium  chloride. 
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PROBLEMS. 

1.  Calculate  the  percentage  composition  of  (a)  water,  (jb)  ma^ 
oxide  of  iron  (FcgOJ,  {c)  crystallized  sodium  carbonate  (Na^ 
loHgO). 

2.  If  a  certain  current  of  electricity  deposited  31.7  gm.  of  co 
how  much  (a)  silver,  {b)  aluminium,  and  (/)  magnesium  wou 
deposit? 

3.  If  a  certain  current  of  electricity  deposited  2  kg.  of  copper, 
much  silver  would  it  deposit? 

4.  How  much  calcium  carbide  can  be  made  (theoretically)  fr 
ton  of  lime?  (Equation  is  3  C  +  CaO  =  CaCg  +  CO  or  36  +  ] 
64  +  28.) 

5.  How  much  carborundum  can  be  made  (theoretically)  from  J 
of  sand  (SiOg)  ?    (Equation  is  SiOg  +  3  C  =  SiC  +  2  CO  or  60 
=  40  4.  56.) 

6.  Calculate  the  percentage  composition  of  (a)  carborundum 
(fi)  calcium  carbide. 


CHAPTER   XI. 

CHLORINE  AND  HYDROCHLORIC  ACID. 

ILORINE  is  an  important  element,  and  its  compounds 
iseful,  especially  hydrochloric  acid,  sodium  chloride, 
bleaching  powder. 

currence. — Free  chlorine  is  never  found  in  nature, 
iseit  combines  so  readily  with  other  elements.  But 
mbination  it  is  widely  distributed,  since  it  is  one  of 
components  of  common  salt,  or  sodium  chloride. 
>r  compounds  of  chlorine  with  potassium,  magnesium, 
calcium  are  found  in  the  deposits  at  Stassfurt  in  Ger- 
^(see  these  metals).  The  salts  found  in  sea  water 
dn  about  55  per  cent,  and  the  earth's  crust  contains 
to.oi  per  cent  of  chlorine.  Silver  chloride  —  "horn" 
• — is   mined   as   an  ore  in  the   United  States  and 

CO. 

eparation.  —  Chlorine  is  prepared  in  the  laboratory 
eating  a  mixture  of  manganese  dioxide  and  hydro- 
ic  acid.  This  method  was  used  by  Scheele,  who 
vered  the  gas  in  1774.  The  equation  for  the  prepa- 
i  of  chlorine  is — 

nOg    +    4HCI    ==    CI2    +     MnClg     +    2H2O 

tganese    Hydrochloric    Chlorine     Manganese  Water 

oxide  Acid  Bichloride 

is  an  oxidizing  process,  since  the  hydrogen  of  the 
)chloric  acid  is  oxidized  to  water,  although  only  part 
t  chlorine  of  the  acid  is  obtained  free. 
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Sometimes  chlorine  is  prepared  in  the  laboralory  by  heating  a  mixture 
of  manganese  dioxide,  sodium  chloride,  and  sulphuric  acid.  This  method 
is  substantially  the  same  as  the  other,  since  a  mixture  of  sulphuric  acid 
and  sodium  chloride  yields  hydrochloric  add.  The  simplest  equation 
for  this  method  of  preparing  chlorine  is  — 

aHjSOj  +  2NaCl  +  MtiO,    =    Clj  +  Na,SO^  +  UnSO,  +  aUfl 
Sulphuric    Sodium  Manganese  Chlorine  Sodium    Manganese     Water 
Acid       Chloride     Dioxide  Sulphate      Sulphate 

Other  oxidizing  substances  besides  manganese  dioxide  may  be  used, 
Euch  as  potassium  chlorate  (KCIO^),  potassium  dichromate  (KgCfjOf), 
and  red  lead  (PbaOJ. 

Chlorine  is  manufactured  by  several  processes,  all  of 

which  involve  the  same  principle  as  the  laboratory  method. 

In  the  Deacon  process,  hydrochloric  acid  is  oxidized  by  oxygen  ob- 
tained from  the  atmosphere.  A  mixture  of  hydrochloric  add  gas  and 
air  is  heated  to  500°  C.  and  passed  through  iron  tubes  containing  balls 
of  day  or  pieces  of  brick  previously  saturated  with  copper  chloride, 
series  of  complex  reactions  occurs  which  are  not  well  understood, 
supposed  that  the  copper  chloride  facilitates  the  formation  of  chlorine 
by  continuously  giving  and  taking  this  gas.  The  essential  chemical 
change,  however,  is  the  oxidation  of  the  hydrochloric  acid,  and  it  may 
be  represented  by  the  equation  — 

2HC1  4  O  =  Cj  +  HjO 

Hydrochloric  Acid      Oxygen  Chlorine  Water 

In  the  Weldon  process,  an  impure  native  manganese  dioxide,  Vnownas 
pyrolusite,  is  treated  with  hydrochloric  add  in  large  earthenware  retortt 
or  stone  tanks  healed  by  hot  water  or  steam.  When  no  more  chloriw 
is  liberated,  the  residue  is  mainly  manganese  dichloride.  This  "stid- 
liquor"  was  formerly  thrown  away,  but  by  the  Weldon  process  It  'S 
changed  into  manganese  compounds,  which  are  used  to  prepare  mort 
chlorine  (see  Manganese  Dioxide). 

Chlorine  is  also  prepareil  on  a  large  scale  by  the  electrolytic  proce» 
Sodium  chloride  is  decomposed  by  electricity  in  property  constructrt 
cells,  and  the  chlorine  which  is  liberated  at  the  anode  is  conducted  off 
through  pipes  to  the  bleaching  powder  factory-  Sodium  hydroxide  i) 
produced  at  the  same  time,  and  the  process  will  be  described  undertbb 
compound. 


Chlorine  and  Hydrochloric  Acid. 
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^Properties.  —  Chlorine  is  a  greenish  yellow  gas.  Its 
color  suggested  the  name  chlorine  (from  the  Greek  word 
chloros,  meaning  greenish  yellow),  which  was  given  to  it 
by  I>avy  about  1810.  It  has  a  disagreeable,  suffocating 
odor,  which  is  very  penetrating.  If  breathed,  it  irritates 
the  sensitive  hning  of  the  nose  and  throat,  and  a  large 
quantity  would  doubtless  cause  death.  It  is  heavier  than 
the  other  elementary  gases,  and  is  about  2.5  times  heavier 
than  air.  Hence  it  is  easily  collected  by  downward  dis- 
placement, i.e.  by  allowing  it  to  fall  to  the  bottom  of  a 
bottle  and  thus  fill  the  latter  by  displacing  the  air, 
A  liter  of  dry  chlorine  at  0"  C.  and  760  mm,  weighs  3.2Z  gm. 
Water  dissolves  chlorine.  The  solution  is  yellowish, 
smells  strongly  of  chlorine,  and  is  frequently  used  in  the 
laboratory  as  a  substitute  for  the  gas.  Chlorine  water,  as 
the  solution  is  called,  is  unstable  even  under  ordinary  con- 
ditions, and  must  be  kept  in  the  dark.  If  the  solution  is 
placed  in  the  sunlight,  oxygen  is  soon  liberated  and  hydro- 
chloric acid  is  formed.  Intermediate  changes  doubtless 
OL-cur;  but  the  simplest  equation  for  the  essential  change 

'^~    HP     -^     CI3    =     2HC1     +     o 

Water  Chlorine     Hydrochloric  Add      Oxygen 

Chlorine  b  much  less  soluble  in  a  solution  of  sodium  chloride,  over 
*iliich  it  is  sometimes  collected.  It  attacks  mercury  and  cannot  be  col- 
lected over  this  liquid. 

Chlorine  does  not  bum  in  the  air,  but  many  substances 
Durn  in  chlorine.  The  metals  antimony  and  arsenic,  when 
sprinkled  into  chlorine,  suddenly  burst  into  flame,  while 
phosphorus  melts  at  iirst  and  finally  burns  with  a  feeble 
flame.  If  sodium,  iron  powder,  brass  wire,  or  other  metals 
^e  heated  and  then  put  into  chlorine,  they  burn;  the 
Sodium  and  iron  produce  a  dazzling  light  and  the  brass 


Bcscriptive  Chemistry;"' 


c 

L 


glows  and  emits  dense  fumes  of  whitish  smoke.  Chlorin* 
combines  readily  with  hydrogen.  Hence,  a  jet  of  burniofi 
hydrogen  when  lowered  into  chlorine  continues  to  burn] 
forming  hydrochloric  acid  gas,  which  appears  as  a  whLt« 
cloud.     The  simplest  equation  for  this  change  is  — 

H        +        CI         =         HCI 

Hydrogen        Chlorine        Hydrochloric  Add 

The  attraction  between  chlorine  and  hydrogen  is  so  great 
that  many  compounds  of  hydrogen  are  decomposed  by 
chlorine.  Thus,  compounds  containing  hydrogen  and 
carbon,  such  as  illuminating  gas,  paraffin  wax,  and  wood, 
burn  in  chlorine  with  a  smoky  fiarae.  Chlorine  does  not 
combine  directly  with  carbon,  hence  the  flame  consists 
largely  of  very  fine  particles  of  solid  carbon.  Similarly, 
a  piece  of  glowing  charcoal  is  extinguished  by  chlorine.  If 
filter  paper  is  saturated  with  warm  turpentine  (a  compound 
of  hydrogen  and  carbon)  and  put  into  a  bottle  of  chlorine, 
a  flame  accompanied  by  a  dense  cloud  of  black  smoke 
bursts  from  the  bottle  ;  Che  chlorine  withdraws  the  hydro- 
gen to  form  hydrochloric  acid,  while  the  carbon  is  left  free. 
The  power  to  bleach  is  the  most  striking  and  useful 
property  of  chlorine.  This  property  depends  upon  the 
fact,  already  mentioned,  that  chlorine  withdraws  hydrogen 
and  liberates  free  o.xygen;  the  latter  then  decomposes  the 
coloring  matter  in  the  cloth  or  other  material.  Dry 
chlorine  does  not  bleach.  If  an  envelope  on  which  the 
postmark,  or  a  lead  pencil  mark,  is  still  visible  is  placed 
in  moist  chlorine,  these  marks  will  not  be  bleached  be- 
cause they  are  largely  carbon  ;  but  the  writing  ink,  which 
is  mainly  a  compound  of  hydrogen,  carbon,  and  iron,  will 
disappear.  Litmus  paper  and  calico  are  both  bleached  by 
moist  chlorine. 
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Bleaching  Powder  is  the  source  of  the  cliloriiie  used  in 
the bleaciiing industries.  It  is  sometimes  called  "bleach," 
or  "chloride  of  lime."  It  is  a  yellowish  white  substance 
having  a  pecuUar  odor,  which  resembles  that  of  chlorine, 
^^hen  dry,  it  is  a  powder,  but  on  exposure  to  the  air,  it 
absorbs  water  and  carbon  dioxide,  becomes  lumpy  and 
pasty,  and  loses  some  of  its  chlorine.  Acids  like  sulphuric 
and  hydrochloric  acid  liberate  from  bleaching  powder  its 
"available  chlorine,"  which  varies  from  30  to  38  per  cent 
m  good  qualities.  The  equations  for  the  interaction  of 
acids  and  bleaching  powder  are  usually  written  thus  — 

CaOCla        +       HjSOi    =    CI2    +    CaSO,    +    HaO 
Bleaching  Powder         Sulphuric  Acid  Calcium  Sulphate 

CaOClj     +    2  HCl     =     01,     +     CaClg     +     HaO 
Hydrochlonc  Acid  Caldum  Chloride 

The  composition  of  bleaching  powder  has  been  much  discussed. 
The  most  reliable  authority  gives  it  the  formula  CaOCl,.  When  db- 
solved  in  water,  bleaching  powder  forma  calcium  hypochlorite  (CaOjClj) 
and  calcium  chloride  (CaCy. 

Bleacliing;  Powder  is  manufactured  by  the  action  of  chlorine  gas  on 
lime.  Lime  (calcium  oxide,  CaO)  is  carefully  slaked  with  water  to 
Foim  calcium  hydroxide  (Ca(0H)2).  This  powder  is  sifled  into  a 
large  absorption  chamber  made  of  iron,  lead,  or  larred  brick  until  the 
door  is  covered  with  a  layer  three  or  four  Inches  deep.  The  chlorine 
entera  at  Ihe  top  and  settles  slowly  to  the  floor,  where  it  is  absorbed 
by  the  lime. 

The  simplest  equation  for  the  formation  of  bleaching  powder  might 
be  written  — 

Ca(OH  )„         +         O;,  =  CaOa,        +        H.O 

Calcium  Hydro.tide        Chlorine        Bleaching  Powder       Water 

Bleaching,  —  Immense  quantities  of  bleaching  powder 
are  used  to  whiten  cotton  and  linen  goods  and  paper  pulp. 
The  pieces  of  cotton  cloth  as  they  come  from" "the  mill  are 
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sewed  end  to  end  in  strips,  wliicii  are  stamped  at  tte 
extreme  ends  with  some  indelible  mark  to  distinguish  each 
owner's  cloth.  These  strips,  which  are  often  several  miles 
long,  are  drawn  by  machinery  into  and  out  of  numerous 
vats  of  liquors  and  water,  between  rollers,  and  through 
machines,  until  they  are  snow-white  and  ready  to  be 
finished  {i.e.  starched  and  ironed)  or  dyed.  The  whole 
operation  requires  three  or  four  days. 

The  preliminary  treatment  consists  in  singeing  off  the  downy  pile 
and  loose  threads  by  drawing  tlie  doth  over  hot  copper  plates  or 
through  a  series  of  gas  flames.  The  object  of  the  remaining  operations 
is  threefold,  (i)  to  wash  out  mechanical  impurities,  the  fatty  and  resin- 
ous matter,  and  the  excess  of  the  diiTerent  chemicals,  (z)  to  remove 
matter  insoluble  in  water,  and  (3)  to  oxidize  the  coloring  matter  by 
chlorine.  The  details  of  the  process  differ  with  the  texture  of  the 
doth  and  with  its  ultimate  ifte.  The  threefold  object  above  mentioned 
involves  successivdy  "liming,"  "souring,"  "diemicking,"  and  "souring," 
interspersed  with  frequent  washing.  The  "liming"  consists  in  boiling 
the  doth  in  a  large  Ifier  or  vat  with  linve,  the  "souring"  In  wetting  it 
with  weait  sulphuric  or  hydrochloric  acid,  and  the  "chemicking'"  in  im- 
pregnating it  with  a  wealt  solution  of  bleaching  powder.  Often  the  doth 
is  boiled  at  a  certain  stage  with  resin  and  sodium  carbonate.  The 
"liming"  removes  the  resinous  and  the  fatty  matter,  the  first  "souring" 
neutralizes  traces  of  lime,  and  the  second,  which  follows  the  "chem- 
icking," liberates  the  chlorine  in  the  fiber  of  the  cloth.  Frequent  washing 
Is  absolutely  necessary  to  remove  the  impure  products  of  the  chemical 
changes  as  well  as  the  excess  of  lime  and  other  alkali,  add,  and  chlo- 
rine. Should  these  he  left,  the  doth  would  be  unevenly  bleached  and 
its  fiber  would  be  weak.  The  doth  is  finally  treated  with  an  antichlOT, 
such  as  sodium  hyposulphite,  which  removes  the  last  traces  of  dilotiat. 

Bleaching  is  chemically  an  oxidizing  process.  The 
oxygen  when  it  is  liberated  from  water  by  chlorine  is  said 
to  be  in  the  nascent  state.  This  means  that  the  gas  is 
exceedingly  active,  because  it  is  not  only  uncomhined,  but 
Just  ready  to  unite  with  those  elements  for  which  it  bas 
great  affinity.     Hence  this  nascent  oxygen  literally  tears 
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down  complex  colored  substances  and  changes  them  into 
colorless  compounds.  The  nascent  state  is  aptly  illustrated 
by  bleaching  because  both  the  chlorine  and  the  oxygen 
are  in  this  active  chemical  condition. 

Chlorine  Hydrate  is  formed  by  cooling  chlorine  water  or  by  passing 
chlorine  into  ice  water.  It  is  a  yellowish,  crystalline  solid,  and  in  the 
air  it  decomposes  quickly  into  chlorine  and  water.  Its  composition 
corresponds  to  the  formula  CI2  •  8  HgO . 

Liquid  Chlorine  was  first  prepared  by  Faraday  in  1823.  A  little 
chlorine  hydrate  was  inclosed  in  one  arm  of  a  bent  tube  (Fig.  21), 
which  was  then  sealed.  By  gently  heating  the  tube,  the  chlorine  hy- 
drate was  decomposed  into  chlorine  and  water, 
but  the  chlorine,  being  unable  to  escape,  was 
condensed  to  a  liquid  by  the  pressure  inside  the 
tube.  The  liquefaction  is  more  easily  accom- 
plished if  one  end  is  kept  cold  during  the 
experiment.  Fig.  21.  -  Bent  tube  for 

.  ^   ^,  J.  1.1     •  1         the  lique£Eiction  of  chlo- 

At  the  ordinary  pressure,  chlorine  gas  be-    ^^^  ^ 

comes  liquefied,  if  its  temperature  is  —  34°  C, 

while  at  a  pressure  of  six  atmospheres  the  temperature  need  be  only 

0°  C.     Liquid  chlorine  has  a  bright  yellow  color.     It  is  a  commercial 

article,  and  is  stored  and  shipped  in  steel  cylinders  lined  with  lead. 

It  is  used  in  the  laboratory  to  prepare  chlorides,  and  industrially  to 

extract  gold.     Solid  chlorine  has  been  obtained  as  a  yellow  crystalline 

mass  by  cooling  the  liquid  to  —  102°  C. 

Uses  of  CUorine.  —  Chlorine  is  used  directly  to  prepare 
some  of  its  compounds,  the  most  important  being  bleaching 
powder.     The  latter  is  often  used  as  a  deodorizer  and  dis- 
infectant, since  the  liberated  chlorine  destroys  putrefying 
matter  by  acting  on  it  as  on  coloring  matter.     A  solution 
.  of  potassium  hypochlorite  (Javelle's  water)  or  sodium  hy- 
pochlorite^Labafra^ue's  solution)  is  often  used  to  remove 
fniit  stains  from  cotton  and  linen  goods. 

Chlorides  are  formed  when  chlorine  combines  with  other 
elements,  and  they  are  in  general  stable  compounds. 
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The  simplest  equations  t!]ustra.tEng  the  comblnatioa  of  chlorioBW 
metals  and  other  elements  are  — 

Na  +      a      =         NaCl 

Sodium  Clilorine     Sodium  Chloride 

Sb  +     3CI     =  SbC), 

Antimony  Antimony  Tricliloride 

Cu  +     2CI      =  CuClj 

Copper  Copper  Chloride 

P  +     3CI  =  PCI3 

Phosphorus  Phosphorus  Trichloride 

H  +      CI  =  HCl 

Hydrogen  Hydrochloric  Acid 

Chlorides  form  an  important  class  of  compounds  and  they  will  he 
considered  under  the  elements  with  which  the  chlorine  combines. 
(_See  also  Chlorides  below.) 

HYDROCHLORIC   ACID. 

Hydrochloric  Acid  is  the  most  useful  compound  of 
chlorine.  It  is  a  gas,  very  soluble  in  water.  This  solution 
has  long  been  known  as  muriatic  acid  (from  the  Latin 
word  muria,  meaning  brine).  The  term  hydrochloric  acid 
includes  both  the  gas  and  its  solution,  but  the  solution  is 
usually  meant. 

The  early  chemists  called  the  gas  "  spirit  of  salt."  Priestley,  who 
first  prepared,  collected,  and  studied  the  gas,  called  it  "  marine  add  air," 
Both  expressions  emphasize  its  relation  to  .salt  (sodium  chloride). 

Occurrence.  —  The  gas  occurs  free  in  volcanic  gases. 
The  solution  is  one  constituent  of  the  gastric  juice  of  the 
stomach.  Chlorides,  which  are  salts  of  hydrochloric  acid, 
are  abundant  in  the  earth's  crust. 

Preparation.  —  The  gas  is  prepared  in  the  laboratory 
by  the  method  devised  by  Glauber  in  the  seventeenth  cea 
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mry,  viz.,  by  heating  sulphuric  acid  and  sodium  chloride. 
If  the  mixture  is  gently  heated,  the  chemical  change  is 
represented  thus  — 


NaCl  +   H,SO, 

HCl       +    HNaSO^ 

Sodium       Sulphurii 

::       Hydrochloric       Acid  Sodium 

Chloride          Add 

Acid                Sulphate 

But  at  a  high  temperature  the  equation  for  the  reaction 
**  ~  2  NaCl  +  HaSO,  =  2  HCl  +  NajSO^ 

In  either  case  the  gas  is  readily  produced.  It  may  be 
collected  over  mercury  or,  more  easily,  by  downward  dis- 
placement. The  solution  is  prepared  by  passing  the  gas 
into  water, 

Tliat  sodium  sulphate  Is  the  other  product  of  the  chemical  change  at 
a  high  temperature  may  be  shown  by  testiog  the  heated  residue  as 
follows :  (a)  Dissolve  a  portion  in  water  and  add  a  few  drops  of  barium 
chloride  solution ;  the  immediate  formation  of  the  white,  insoluble 
barium  sulphate  shows  that  the  residue  from  the  experiment  must  be 
a  sulphate.  (6)  Burn  a  little  of  the  residue  on  a  platinum  wire  or 
piece  of  porcelain  held  in  the  Bunsen  i!ame ;  the  intense  yellow  color 
immediately  imparted  to  the  flame  shows  that  the  residue  contains 
sodium,     (c)  Hence  the  compound  must  be  sodium  sulphate. 

Commercial  Hydrochloric  Acid  is  manufactured  in  enor- 
mous quantities  by  the  method  used  in  the  laboratory, 
A  mixture  of  salt  and  sulphuric  acid  is  moderately  heated 
in  a  large  hemispherical  cast-iron  pan,  and  the  gas  passes 
through  an  earthenware  pipe  into  an  absorbing  tower;  the 
fused  mass  of  acid  sodium  sulphate  and  salt  is  then  sub- 
jected to  a  higher  temperature,  and  the  liberated  gas  passes 
by  another  pipe  into  the  absorbing  tower.  These  towers 
are  tall  and  filled  with  coke  or  pieces  of  brick  over  which 
water  trickles ;  as  the  hydrochloric  acid  gas  passes  up  the 
tower,  it  is  absorbed  by  the  descending  water,  and  flows 
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out  at  the  bottom  of  the  tower  as  concentrated  acid. 
gas  is  usually  cooled  before  it  enters  the  towers.  Some- 
times the  gas  passes  through  huge  earthenware  jars  be- 
fore entering  the  towers.  In  these  jars  the  gas  and  water 
are  caused  to  flow  constantly  in  opposite  directions,  thus 
insuring  complete  absorption. 

Hydrochloric  acid  gas  is  a  by-product  in  the  manufecture  of  sodium 
carbonate  by  the  Leblanc  process.  The  gas  was  formerly  allowed  to 
escape  into  the  atmosphere,  but  since  it  destroyed  vegetadon  aod  be- 
came a  nuisance  in  other  ways,  a  law  was  passed  forbidditig  the  manu- 
facturers to  let  it  escape.  Hence  it  became  necessary  to  absorb  the 
gas  in  water.  The  hydrochloric  acid,  which  was  once  regarded  as  a 
waste  product,  is  now  the  main  source  of  profit,  since  competition  has 
reduced  the  price  of  sodium  carbonate  (see  Sodium  Carbonate). 

Properties.  —  Hydrochloric  acid  gas  is  colorless  and 
transparent.  When  it  escapes  into  moist  air,  it  forms 
fumes  which  are  really  minute  drops  of  a  solution  of  the 
gas  in  the  moisture  of  the  air.  It  has  a  choking,  sharp, 
pungent  odor.  The  gas  does  not  burn  nor  support  com- 
bustion. It  is  about  1.25  times  heavier  than  air,  and  may 
therefore  be  collected  by  downward  displacement. 

One  liter  at  o^C.  and  760  mm.  weighs  1.64  gm.  The  gas  can  be 
liquefied  at  10° C.  and  40  atmospheres  pressure;  while  at  —  16°  C,  the 
pressure  need  be  only  20  atmospheres. 

The  extreme  solubility  of  hydrochloric  acid  gas  in  water  is 
one  of  its  most  striking  properties.  One  liter  of  water  will 
dissolve  about  500  1.  of  gas,  if  both  are  at  0°  C.  and  760  mm, 
At  the  ordinary  temperature  about  450 1.  of  gas  dissolve  in 
1 1.  of  water,  and  as  the  temperature  rises  the  solubility 
decreases.  The  solution  is  the  familiar  hydrochloric  acid, 
The  gas  readily  escapes,  hence  the  acid  forms  fumes  when 
exposed  to  air.  Pure  hydrochloric  acid  is  a  colorless  liquid. 
The  commercial  acid  has  a  yellow  color,  usually  due  to  iron 
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compounds,- but  sometimes  to  organic  matter  or  to  dissolved 
chlorine.  It  also  contains  other  impurities.  Like  most 
acids,  it  reddens  blue  litmus,  and  gives  up  its  hydrogen 
when  added  to  metals. 

The  strongest  acid  contains  about  42  per  cent  (by  weight)  of  the 
gag,  and  its  specific  gravity  is  i  .2.  When  the  strong  acid  is  heated,  the 
gas  is  evolved  until  the  solution  contains  about  20  per  cent  of  the  acid, 
and  then  the  liquid  boils  at  iio°C.  without  further  change.  The  dilute 
acid,  on  the  other  hand,  loses  water  until  the  same  conditions  prevail. 

Composition  of  Hydrochloric  Acid  Gas.  —  In  18 10,  Davy  showed 
that  hydrochloric  acid  gas  (which  had  been  regarded  as  an  oxygen 
compound)  contained  only  chlorine  and  hydrogen.  Many  fects  lead 
us  to  conclude  that  hydrochloric  acid  gas  is  composed  of  hydrogen  and 
chlorine  in  such  a  ratio  that  its  composition  is  represented  by  the  for- 
mula HCl.  (i)  Hydrogen  burns  in  chlorine,  and  the  only  product  is 
hydrochloric  acid  gas.  (2)  When  hydrochloric  acid  is  decomposed 
by  an  electric  current,  equal  volumes  of  hydrogen  and  chlorine  are 
evolved.  (3)  When  a  mixture  of  equal  volumes  of  hydrogen  and 
chlorine  is  exposed  to  the  direct  sunlight  or  to  the  action  of  an  electric 
spark,  the  gases  combine  with  an  explosion,  and  hydrochloric  acid  gas 
is  formed  with  no  residue.  Furthermore,  the  volume  of  the  resulting 
gas  equals  the  sum  of  the  volumes  of  hydrogen  and  chlorine  used. 
(4)  When  a  given  volume  of  dry  hydrochloric  acid  gas  is  treated  with 
sodium  amalgam,  the  chlorine  is  withdrawn  by  the  sodium  in  the  amal- 
gam, and  a  volume  of  hydrogen  remains  which  is  half  the  original  vol- 
ume. (5)  No  derivative  of  hydrochloric  acid  is  known  which  contains 
less  hydrogen  or  less  chlorine  in  a  molecule.  (6)  The  ratio  by  weight 
in  which  hydrogen  and  chlorine  combine  is  1:35.45.  Hence,  the 
lowest  molecular  weight  of  hydrochloric  acid  is  36.45,  a  number  which 
has  been  verified  by  several  different  methods. 

Uses  of  Hydrochloric  Acid.  —  Vast  quantities  are  used 
to  prepare  chlorine  for  the  manufacture  of  bleaching  pow- 
der. Various  chlorides  are  prepared  from  it,  and  it  is  one 
of  the  common  acids  used  in  chemical  laboratories. 

Chlorides  are  formed  by  the  direct  addition  of  chlorine 
to  metals,  as  we  have  seen.    They  are  also  formed  when 
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metals,  their  oxides,  or  hydroxides  are  added  to  hydro- 
chloric acid.  The  following  equations  illustrate  this  gen- 
eral fact : — 


Zn 
Zinc 


2  HCl         =   ZnCla 

Zinc  Chloride 


ZnO         +   2  HCl         =   ZnCIa  +     HjO 

Zinc  Oxide  Zinc  Chloride 


Zii(0H)3      +   2  HCl 
Zinc  Hydroxide 


ZnClj 

iinc  Chloride 


2  H,0 


They  are   also   formed   by  adding  other   salts   to  hydro- 
chloric acid. 

Molecules  of  chlorides  may  contain  several  atoms  of  chlorine. 
Occasionally  the  name  of  the  compound  indicates  this  fact,  e-g.  manga- 
nese dichloride  (MnClj),  antimony  trichloride  (SbClj),  phosphorus 
trichloride  and  penUchloride  (PCI,  and  PCI,).  If  a  metal  forms  two 
chlorides,  the  two  are  distioguished  by  modifying  the  name  of  'lie 
metal.  The  one  containing  the  smaller  proportion  of  chlorine  ends  in 
-ous,  the  one  containing  the  larger  ends  in  -ic.  Thus,  mercurous  chlo- 
ride is  HgQ,  but  HgClj  is  mercuric  chloride.  Similarly,  we  have  fcf' 
rous  chloride,  FeCI^.  and  ferric  chloride,  FeCI,. 

The  Test  for  Hydrochloric  Acid  and  Chlorides.  —Most 
chlorides  are  soluble  in  water.  Those  of  lead,  silver,  and 
mercury  (-ous)  are  not.  If  silver  nitrate  is  added  to  hydro- 
chloric acid,  or  to  the  solution  of  a  chloride,  a  white,  curdy 
precipitate  of  silver  chloride  is  formed,  which  (a)  is  insol- 
uble in  nitric  acid,  but  soluble  in  warm  ammonium  hydrox- 
ide, and  (^}  turns  purple  in  the  sunlight.  The  invariable 
formation  of  silver  chloride  is  the  test  for  hydrochloric 
acid  and  soluble  chlorides.  Hydrochloric  acid  gas  also 
forms  dense  white  clouds  of  ammonium  chloride  in  the 
presence  of  ammonia  gas.     The  usual  test,  viz.  the  pre- 
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ipitation  of  silver  chloride,  is  applicable  to  both  hydro- 
hloric  acid  and  a  chloride,  because  both  yield  chlorine 
ins  (CI').    (See  page  126.) 


EXERCISES. 

1.  What  IS  the  symbol  of  chlorine?  What  useful  compounds  coil* 
lin  this  element  ? 

2.  How  is  chlorine  prepared  in  the  laboratory  ?  Give  one  equation 
>r  its  preparation.  Describe  Deacon's  process  for  manufacturing 
hlorine. 

3.  Who  discovered  chlorine  ?    Who  named  it,  when,  and  why  ? 

4.  Summarize  the  physical  properties  of  chlorine.  How  can  it  be 
uickly  distinguished  from  the  gases  previously  studied  ? 

5.  Summarize  the  chemical  properties  of  chlorine.  Compare  it 
^th  oxygen.    Describe  fiilly  its  action  with  hydrogen. 

6.  Define  (a)  downward  displacement,  (p)  available  chlorine, 
f)  antichlor. 

7.  Develop  the  topics :  (a)  nascent  state,  (d)  chlorine  water,  (c)  chlo- 
^e  hydrate,  (d  )  liquid  chlorine,  (e)  chlorine  is  an  oxidizing  agent. 

8.  What  is  bleaching  powder  ?  How  is  it  made  ?  What  are  its 
Wef  properties  ?  Describe  the  operation  of  bleaching.  What  is  the 
^lemistry  of  bleaching  ? 

9.  What  is  (a)  "  bleach,"  (d)  muriatic  acid,  (c)  chloride  of  lime, 
<i)  "  salt,"  (e)  "  lime,"  (/)  commercial  hydrochloric  acid  ? 

10.  What  are  chlorides  ?  Name  five.  How  can  they  be  formed  ? 
'ive  the  formula  of  sodium  chloride.  Why  cannot  chlorine  be  collected 
^er  mercury  ? 

11.  What  is  hydrochloric  acid  ?  How  is  it  prepared  in  the  labora- 
)ry?  Give  the  equations  for  its  preparation.  How  is  it  prepared 
idustrially  ? 

12.  Summarize  the  chief  properties  of  hydrochloric  acid  gas.  Of  the 
3d,  as  the  term  is  usually  used.  What  happens  when  hydrochloric 
id  is  boiled  ? 

13.  What  is  the  evidence  that  the  formula  of  hydrochloric  acid  gas 
HQ? 

14.  For  what  is  hydrochloric  add  used  ?  State  the  test  for  hydro- 
loric  add  and  soluble  chlorides. 
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15.  Give  a  brief  account  of  Faraday's  work  on  chlorine.    Of  Davy's 
work. 

16.  Why  is  chlorine  never  found  free  ? 


PROBLEMS. 

1.  One  equation  for  the  preparation  of  chlorine  is — 

4HCI     +     MnOg     =  CI2      +     MnCl,     +     2H,0 
146      +        87        =  71       +       126        +        36 

(a)   How  many  grams  of  chlorine  can  be  made  from  247  gm.  of  man- 
ganese dioxide  ?     (^)  Name  all  the  products. 

2.  How  much  sodium  chloride  is  needed  to  prepare  a  kilogram  of 
hydrochloric  acid  gas  ? 

3.  How  many  grains  of  manganese  dioxide  are  necessary  to  prepare 
100  gm.  of  chlorine  from  hydrochloric  acid. 

4.  A  bottle  of  chlorine  water  was  exposed  to  the  sunlight  until 
all  the  chlorine  disappeared,  (a)  What  two  products  were  formed? 
(d)  Write  the  equation  for  the  reaction,  (c)  What  weight  of  chlorine 
gas  is  necessary  to  form  20  gm.  of  the  gaseous  product  ?  (d)  What 
volume  of  chlorine  is  necessary  to  form  20  gm.  of  the  other  product  ? 

5.  Calculate  the  percentage  composition  of  (a)  hydrochloric  add 
gas,  (d)  sodium  chloride,  (c)  silver  chloride  (AgCl),  (d)  potassium 
chloride  (KCl). 


CHAPTER  XII. 

COMPOUNDS  OF  NITROGEN. 

The  most  important  compounds  of  nitrogen  are  am- 
lonia  (NHg),  nitric  acid  (HNOg),  and  compounds  related 
)  them.  Many  ariimal  and  vegetable  substances  essential 
)  life  are  compounds  of  nitrogen. 

AMMONIA. 

The  term  ammonia  includes  both  the  gas  and  its  solu- 
ion  in  water,  though  the  latter  is  more  accurately  called 
mmonium  hydroxide. 

Formation  of  Ammonia.  —  When  vegetable  and  animal 
natter  containing  nitrogen  decays,  the  nitrogen _and  hydro- 
gen are  liberated  in  combination,  as  ammonia.  The  odor 
)f  ammonia  is  often  noticed  near  stables.     If  animal  sub- 

• 

itances  containing  nitrogen  are  heated^  ammonia  is  given 
>ff.  The  old  custom  of  preparing  ammonia  by  heating 
^orns  and  hoofs  in  a  closed  vessel,  i.e,  by  dry  distillation, 
^ave  rise  to  the  term  "spirits  of  hartshorn."  Soft  coal 
-ontains  compounds  of  nitrogen  and  of  hydrogen,  and  when 
•he  coal  is  heated  to  make  illuminating  gas,  one  of  the  prod- 
■^cts  is  ammonia. 

Preparation.  —  Ammonia  gas  is  prepared  in  the  labora- 
tory by  heating  ammonium  chloride  with  an  alkali,  usually 
flaked  lime.    The  reaction  may  be  represented  thus  — 
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2NH4CI   +  Ca(OH)a  =    2NHb|+    CaCLj  +  2  H,0 
Ammonium  Slaked  Ammonia '  CalciumA 

Chloride  lime  Gas  Chloride' 

107        +        74  =34  +       III     +     36 

The  gas  is  usually  collected  by  upward  displacement,  i/. 
by  allowing  the  gas  to  flow  upward  into  a  bottle  and  dis- 
place the  air.  The  solution  is  prepared  by  conducting  the 
gas  into  water. 

The  mdn  source  of  the  ammonia  of  commerce  is  the  ammoniacal 
liquor  or  gas  liquor  of  the  gas  watlts.  The  gases  which  come  from  ihe 
retorts  in  which  the  coal  is  heated  are  passed  into  water,  which  absorbs 
the  ammonia  and  some  other  gases-  This  impure  gas  liquor  is  trealai 
with  lime  to  liberate  the  ammonia,  which  is  absorbed  in  tanks  contain- 
ing hydrochloric  add  or  sulphuric  acid.  This  solutioQ  upon  the  addi- 
tion of  an  alkali  gives  up  its  ammonia,  which  is  dissolved  in  distilled 
water,  forming  thereby  the  ammonium  bydrozide  or  aqua 


Ammonia  is  sometimes  prepared  from  the  residues  of  the  beet  sugar 
industry,  from  the  refuse  of  slaughter  houses  and  tanneries,  and  from  the 
gases  from  coke  ovens.  It  is  not  obtained  directly  from  thenitrc^acif 
the  air. 

Properties  of  Ammonia.  —  Ammonia  gas  is  colorless. 
It  has  an  exceedingly  pungent  odor,  and  if  inhaled  sud- 
denly or  in  large  quantities  it  brings  tears  to  the  eyes  and 
may  cause  suffocation.  It  is  a  light,  volatile  gas,  being  only 
■  59  times  as  heavy  as  air.  A  liter  of  the  gas  at  0°  and 
760  mm.  weighs  .77  gm.  It  will  not  bum  in  the  air,  nor 
will  it  support  the  combustion  of  a  blazing  stick ;  but  if  the 
air  is  heated  or  if  its  proportion  of  o.xygen  is  increased,  a 
jet  of  ammonia  gas  will  burn  in  it  with  a  yellowish  flame, 
thereby  illustrating  the  broader  application  of  the  terra 
combustion. 

Ammonia  gas  is  easily  liquefied  if  reduced  to  o"C.  and 
subjected  to  a  pressure  of  4.2  atmospheres,  while  at  —  34°C 

liquefies  at  the  ordinary  atmospheric  pressure. 
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'  Uquefled  ammonia  is  often  called  anhydrous  ammoiila,  because  it  J 
contains  no  water.  It  boiJs  at  —  33.s''C.  Hence,  if  it  is  exposed  to  \  I 
tJie  air  or  warmed  in  any  way,  it  changes  back  to  a  gas,  and  in  so  doing  1^  1 
absorbs  considerable  heat,  Tliis  fact  has  1?''.  to  the  extensive  use  of  ^  1 
liquid  ammonia  in  the  manufacture  of  ice.  I 

Ammonia  is  a  common  alkali,  and  was  called  formerly  the        1 
volatile  alkali.     Priestley,  who  discovered  and  studied  the 
gas,  called  it  alkaline  air. 

Another  marked  property  of  ammonia  gas  is  its  solu- 
bility in  water.     A  liter  of  water  at  o°C.  dissolves  1148!^ 
of   gas   (measured   at  o''C.   and    760   mm.),   and   at   tTie         I 
ordinary  temperature  i  1.  of  water  dissolves  about  700!.  of         1 
gas.     This  solution  of  the  gas  is  usually  called  ammonia,         I 
though  other  names,  especially  ammonium  hydroxide,  are         I 
sometimes  applied  to  it.      Commercially  it  is  known  as         I 
aqua  ammonia,  ammonia,  or  ammonia  water.     It  gives  off 
the  gas  freely,  when  heated,  as  may  easily  be  discovered 
by  the  odor  or  by  the  formation  of  the  dense  white  fumes 
of  ammonium  chloride  (NHjCl)when  the  solution  is  ex- 
posed to  hydrochloric  acid.     The  solution  is  lighter  than 
water,  its  specific  gravity  being  about  .88,  and  contains 
about  35  per  cent  (by  weight)  of  the  gas.     Ammonium 
hydroxide  has  an  alkaline  reaction,  neutralizes  acids  and 
forms  salts,  and  acts  in  many  respects  like  sodium  hydroxide. 

Ammonium  Hydroxide  and  Ammonium  Compounds.— 

When  ammonia  gas  is  passed  into  water,  it  is  believed  that 
the  ammonia  combines  with  the  water  and  forms  a  solution 
of  an  unstable  compound  having  the  formula  NH4OH. 
This  compound  is  ammonium  hydroxide  for  ammonium 
hydrate"!-     Its  formation  may  be  represented  thus  — 


NH. 
Anunonia 


H^O        =        NH4OH 
Water  Ammonium  Hydroxide 
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Ammonium  hydroxide  acts  like  a  base.  It  has  a  marked 
alkaline  reaction ;  it  neutralizes  acids  and  forms  salts, 
thus — 

NH4OH      +       HCl       =       NH4CI        +      HaO 

Ammonium  Chloride 

2NH4OH     +     H2SO4     =  (NHJ2SO4     +     2HjO 

Ammonium  Sulphate 

These  salts,  ammonium  chloride  and  ammonium  sul- 
phate, have  definite  properties,  and  are  strictly  analogous 
to  sodium  salts.     Thus,  we  have  — 

Sodium  Salts  Ammonium  Salts 
NaCl  NH4CI 

NaNOg  NH^NOg 

Na^SO^  (NH4)2S04 

etc.  etc. 

Hence,  it  is  believed  that  ammonium  compounds  contain  a 

group  of  atoms  which  acts  like  an  atom  of  a  metal.    This 

group  of  atoms  is  called  ammonium,  and  its  formula  is 

NH4.     Ammonium   has  never  been   separated   from  its 

compounds,  or  if  it  has  it  is  so  unstable  that  it  immedi* 

ately  decomposes  into  ammonia  gas  and  hydrogen.     So 

also  ammonium  hydroxide  has  never  been  obtained  free, 

for  it  decomposes  readily  into  ammonia  gas  and  water, 

thus  — 

NH4OH         =        NHg      +  H2O 

Ammonium  Hydroxide      Ammonia  Gas      Water 

Ammonium  is  sometimes  called  a  radical,  because  it  is  the  root  of 
foundation  of  a  series  of  compounds.  It  is  likewise  called  a  hypotheti' 
cal  metal,  because  its  existence  is  assumed  and  it  acts  chemically  like 
metals. 
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Ammonium  Chloride  is  prepared  by  passing  ammonia 
IS  into  dilute  hydrochloric  acid,  by  mixing  ammonium 
yrdroxide  and  hydrochloric  acid,  or  by  letting  the  two 
ases  mingle.    The  equation  for  the  essential  reaction  is — 

NHg    +  HCl  =  NH4CI 

Ammonia      Hydrochloric  Acid      Ammonium  Chloride 

t  is  convenient  to  regard  this  compound  as  the  ammonium 
alt  of  hydrochloric  acid,  as  if  it  were  formed  by  replacing 
he  hydrogen  of  the  acid  by  ammonium,  just  as  sodium 
orms  sodium  chloride. 

Ammonium  chloride  is  a  white,  granular  or  crystalline,, 
olid,  with   a   sharp,  salty   taste.     It   dissolves   easily   in    . 
vater,  and  in  so  doing  lowers  the  temperature  markedly. 
A^hen  heated,  it  gradually  breaks  up  into  ammonia  and 
hydrochloric  acid,  which  reunite  as  the  temperature  falls. 
This  kind  of  decomposition  is  called  dissociation.  / 

Large  quantities  of  ammonium  chloride  are  made  at  one  stage  of  the 
nanufacture  of  ammonium  hydroxide  by  passing  the  gas  into  hydro- 
Uoric  acid.  The  crude  product  is  called  "  muriate  of  ammonia  "  to 
Qdicate  its  relation  to  muriatic  (or  hydrochloric)  acid.  It  is  largely\ 
ised  for  charging  Leclanch^  batteries,  as  an  ingredient  of  soldering 
luids,  in  galvanizing  iron,  and  in  textile  industries.  The  crude  salt  is  / 
•urified  by  heating  it  gently  in  a  large  iron  or  earthenware  pot,  with  a 
lome-shaped  cover ;  the  ammonium  chloride  volatilizes  easily  and  then 
tystallizes  in  the  pure  state  as  a  fibrous  mass  on  the  inside  of  the  cover, 
•ut  the  impurities  remain  behind  in  the  vessel.  The  process  of  vapor- 
ing a  solid  substance  and  then  condensing  the  vapor  directly  into 
he  solid  state  is  called  sublimation.  It  differs  from  distillation  in  that 
he  substance  does  not  pass  through  an  intermediate  liquid  state.  The 
roduct  of  sublimation  is  called  a  sublimate.  Sublimed  ammonium 
hloride  is  known  as  sal  ammoniac. 

Ammonium  Sulphate  is  made  by  passing  ammonia  gas  into  sul« 
iuric  acid,  or  by  adding  ammonium  hydroxide  to  the  acid,  thus  — 

2NH4OH       +       H2SO4      =       (NH4)2S04      +      2H2O 
tnmonium  Hydroxide  Ammonium  Sulphate 


/ 


I 

I 
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The  cominercial  salt  is  a  grajish  or  yellowish  solid.     It  is  used  as  3 
t  of  fertilizers,  since  it   is  rich  in  nitrogen,  and  in  making 
n  and  other  ammonium  compounds. 
Ammonium  Nitrate  is  made  by  passing  ammoaia  into  nitric  add, « 
by  allowing  ammonia  gas  and  the  vapor  of  nitric  add  to  mingle,  thus— 
NH3     -f      HNOj     =  NHjNO, 

Ammonia    Nitric  Acid    Amraonium  Nitrate 

It  is  a  white  salt  which  forms  beautifiil  crystals.  It  dissolves  easily  in 
water  with  a  fall  of  temperature.  Its  cliief  use  is  in  the  preparation  of 
nitrous  oxide  (see  this  compound),  ■ 

Ammonium  Carbonate  is  an  impure  salt  as  found  in  coromenc, 
being  a  mixture  of  add  ammonium  carbonate  (HNH^COj)  and  a 
related  compound.  When  pure  and  fresh  it  is  transparent,  but  on  ex- 
posure to  the  air  it  loses  ammonia  and  turns  white.  It  is  used  to  pre- 
pare some  kinds  of  baking  powder,  to  scour  wool-  as  a  medidne,  and 
to  prepare  smelling  salts,  since  it  gives  r.S  ammonia  reaaUy. 

Other  ammonium  compounds  are  sodium  ammonium  phosphate 
or  raicrocosmic  salt  (HNaNH,PO,),  ammonium  sulphocyanale 
(NH^SCN),   and  ammonium   sulphide    ( (NH,)3S). 

Uses  of  Ammonia.  —  Ammonia  in  the  different  forms  is 
widely  used  as  a  cleansing  agent,  especially  for  the  re- 
■moval  of  grease,  as  a  restorative  in  cases  of  fainting  or  of 
nhaling  irritating  gases,  in  dyeing  and  calico  printing,  and 
n  the  manufacture  of  dyestuffs,  sodium  carbonate,  and 
Its  salts  have  many  domestic,  industrial,  and  agri- 
cultural uses. 

The  Use  of  Ammonia  as  a  Refrigerant  and  in  making 
Ice  depends  upon  the  fact  that  many  liquids  in  passing 
into  a  gas  absorb  heat  Liquefied  ammonia  (not  the  ordi- 
nary liquid,  ammonia)  changes  rapidly  into  a  gas  when  its 
temperature  is  raised  or  the  pressure  reduced.  Hence,  if 
anhydrous  ammonia  is  allowed  to  flow  through  a  pipe  sur- 
rounded by  brine,  the  ammonia  evaporates  in  the  pipe  and 
cools  the  brine,  which  may  be  used  as  a  refrigerant  or  for 
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making  ice.  In  some  cold  storage  houses,  breweries, 
packing  houses,  and  sugar  refineries,  this  cold  brine  is 
pumped  through  pipes  placed  in  the  rooms  where  a  low 
temperature  is  desired. 

The  construction  and  operation  of  an  ice-making  plant  are  essentially 
as  follows :  — 

Liquefied  ammonia  is  forced  from  a  tank  into  a  series  of  pipes  which 
are  submerged  in  an  immense  vat  filled  with  brine.  Large  galvanized 
iron  cans  containing  pure  water  to  be  frozen  are  immersed  in  the  brine, 
which  is  being  kept  below  the  freezing  point  of  water  by  the  rapid  evap- 
oration of  the  ammonia  in  the  pipes.  In  about  sixty  hours  the  water 
in  the  cans  is  changed  into  a  cake  of  ice  weighing  about  three  hundred 
pounds.  As  fast  as  the  ammonia  gas  forms  in  the  pipes,  it  is  removed 
by  exhaust  pumps  into  another  tank,  where  it  is  recondensed  to  liquefied 
ammonia  and  conducted,  as  needed,  into  the  first  tank  to  be  used  again. 
The  ammonia  is  thus  used  over  and 'over  without  appreciable  loss. 
The  pure  water  is  sometimes  obtained  by  condensing  the  exhaust 
steam  from  the  boilers  used  to  operate  the  machinery,  though  it 
usually  comes  from  a  deep  well.  Most  ocean  steamers  have  an  ice 
plant,  and  in  large  cities  in  warm  climates  manufactured  ice  is  a  com- 
mon commodity. 

Composition  of  Ammonia  Gas.  —  Numerous  experiments  show  that 
ammonia  gas  has  the  composition  expressed  by  the  formula  NH3. 
(i)  Dry  ammonia  gas  passed  over  heated  magnesium  decomposes  into 
hydrogen  and  nitrogen.  The  hydrogen  may  be  collected  and  tested, 
but  the  nitrogen  combines  with  the  magnesium,  forming  a  yellowish 
green  powder  called  magnesium  nitride,  thus  — 

2NH3     -I-     3Mg       =  Mg,N,  +     3H2 

Magnesium      Magnesium  Nitride 

These  facts  show  that  ammonia  contains  nitrogen  and  hydrogen. 
(2)  If  a  bottle  is  filled  with  chlorine  gas  and  plunged  mouth  downward 
into  a  vessel  containing  ammonium  hydroxide,  dense  white  fiimes  fill 
the  bottle,  the  greenish  chlorine  gas  disappears,  and  the  liquid  rises  in 
the  bottle  ;  after  the  bottle  has  stood  mouth  downward  in  a  dish  con- 
taining dilute  hydrochloric  acid  (to  neutralize  the  excess  of  ammonia), 
the  gas  in  the  bottle  will  be  found  to  be  nitrogen.    The  chlorine  with- 


I 
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draws  the  hydrogen  from  the  ammonia  of  the  ammonium  hydr^n^ 
leaving  Ihe  nitrogen  free,  thus — 

NH„      +      3CI     =        N       +  3Ha 

Ammonia  Clilorine  Nitrogen  Hydrochloric  Acid 
(3)  The  same  experiment,  if  performed  accurately,  shows  that  one 
volume  of  nitrogen  combines  with  three  volumes  of  hydrogen  to  form 
ammonia  gas.  A  tube  containing  a  known  volume  of  chlorine  is  pro- 
vided with  a  fiinnel  through  which  concentrated  ammonium  hydroxide 
is  dropped  into  the  chlorine,  until  the  reacrion  ceases  (Fig.  22).  After 
the  excess  of  ammonia  is  neutralized  with  sulphuric  acid,  the  volume 
of  nitrogen  lefl  is  one  third  of  the  original  volume 
BQ  of  chlorine  gas.    Now  hydrogen  and  chlorine  com- 

bine in  equal  volumes,  hence  the  volume  of  hydrogen 
withdrawn  from  the  added  ammonia  must  be  equal 
to  the  original  volume  of  chlorine.  But  tliis  volume 
is  three  limes  the  volume  of  nitrogen,  therefore  there 
must  be  three  times  as  much  hydrogen  as  aitrogen 
in  ammonia  gas.  (4)  When  electric  sparks  arc 
passed  through  ammonia  gas.  it  is  decomposed  into 
nitrogen  and  hydrogen.  Now  if  oxygen  is  added, 
and  an  electric  spark  passed  through  the  mixture.  Ihe 
oxygen  and  hydrogen  combine.  The  volume  of  the 
remaining  nitrogen  is  one  fourth  of  the  mixture. of 
nitrogen  and  hydrogen,  hence  the  hydrogen  must 
have  been  three  fourths;  that  is,  the  volume  oihy- 
ppa-  droaen  in  the  oiigiiial  volume  of  ammonia  was  three 
^"i-  times  that  of  the  nitrogen.  (5)  The  gravimetric 
composition  of  ammonia  gas  is  found  by  oxidizing 
it,  and  weighing  the  water  and  nitrogen,  which  are 
the  only  products.  The  result  shows  that  fourteen  parts  of  nitrogen 
combine  with  three  parts  of  hydrogen.  (6)  The  vapor  density  has  I 
been  found  to  fae  8.;.  These  facts  require  NHj  as  the  simplest  formuli  ' 
for  ammonia  and  1 7  as  its  molecular  weight.  Independent  experiments 
verify  this  molecular  weight.  ' 

NITRIC    ACID. 

Nitric  Acid  is  one  of  the  most  useful  compounds  of 
nitrogen.     It  was  known  to  the  alchemists,  who  used  it 
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to  prepare  a  mixture  which  dissolves  gold.     Nitric  acid 
is  used  in  the  preparation  of  many  nitrogen  compounds. 

Formation  of  Nitric  Acid. — When  moist  animal  or 
vegetable  matter  containing  nitrogen  decays  in  the  presence 
of  an  alkali,  nitric  acid  is  formed ;  it  is  neutralized  at  once 
by  the  alkali,  so  nitrates  —  salts  of  nitric  acid  —  are  the 
final  products.  This  chemical  change  is  known  as  nitri- 
fication, and  it  is  caused,  or  largely  influenced,  by  minute 
living  organisms  called  bacteria.  Nitrification  is  constantly 
going  on  in  the  soil  and  is  an  exceedingly  helpful  process, 
since  it  transforms  harmful  waste  matter  into  valuable 
plant  food. 

As  a  result  of  nitrification,  there  are  vast  deposits  of  nitrates,  espe- 
cially in  desert  regions  and  tropical  countries.  For  example,  potassium 
nitrate  (KNO3)  is  found  in  the  soils  near  large  cities  in  India,  Persia, 
and  Egypt 

Nitric  acid  is  formed  in  small  quantities  when  electric 
sparks  are  passed  through  moist  air.  Hence  nitric  acid  or 
its  salts  can  be  detected  in  the  atmosphere  after  a  thunder- 
storm. 

This  chemical  change  is  now  being  applied  on  a  commercial  scale  in 
Norway.  Electric  sparks  are  passed  through  confined  air  and  the  prod- 
ucts are  forced  into  a  tower.  Here  they  are  absorbed  in  water  or  in  a 
solution  of  lime,  thereby  forming  nitric  acid  or  calcium  nitrate.  The 
latter  may  be  made  into  sodium  nitrate  or  used  as  a  fertilizer. 

Preparation.  —  Nitric  acid  is  prepared  in  the  laboratory 
by  heating  concentrated  sulphuric  acid  with  a  nitrate,  usu- 
ally sodium  or  potassium  nitrate.  About  equal  weights 
of  nitrate  and  acid  are  put  into  a  glass  retort  and  gently 
heated.  The  nitric  acid  distils  into  a  receiver,  which  is 
kept  cool  by  running  water,  ice,  or  moist  paper.     The 
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chemical  change  at  a  low  temperature  is  represented  BjT ' 
the  equation  — 

NaNOa     +      HgSO^      =   HNOg       +     HNaSO^ 
Sodium  Nitrate      SulplmricAcid      NitricAcid      Add  Sodium  Sulphate 

85  +  9S  =63  +  120 

But  if  the  temperature  is  high  and  an  excess  of  the  nitrate 
is  present,  the  equation  is  — 

2NaN03     +      HaSOi      =   2  HNOg    +       Na^SO, 
170  +         98  =         126        -f-  142 

A  high  temperature,  however,   decomposes   part   of  the 
s  usually  avoided 


nitric  acid,  hence 


heat  i, 


the  J 

I 


Fio.  aj. — Appiuatua  for  Ihe 


Nitric  acid  Is  manufectured  on  a  large  scale  by  heating  sodium  nltnh 
and  sulphunc  acid  in  a  large  cast-iron  retort  (A)  connected  with  huge 
glass  or  earthenware  bottles  (3,  B,  B).  arranged  as  shown  in  Figure  13: 
the  last  bottle  is  connected  with  a  tower  filled  with  coke  over  whidi 
water  trickles  lo  absorb  the  vapors  which  escape  from  the  bottles.  T&« 
acid  i-apors  are  also  often  absorbed  in  earthenware  or  glass  tubes. 

Properties.  —  Pure  nitric  acid  is  a  colorless  liquid,  but 
the  commercial  acid  is  yellow  or  reddish,  due  to  absorbed 
nitrogen  compounds,  chlorine,  or  iron  compounds.  It  de- 
composes slowly  in  the  sunlight  or  when  heated,  and  ft 
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brownish  gas  may  often  be  seen  in  bottles  of  nitric  acid. 
It  absorbs  water,  and  forms  irritating  fumes  when  exposed 
to  the  air.  The  specific  gravity  of  the  commercial  acid  is 
about  1.42,  and  it  contains  from  60  to  70  per  cent  of  the 
real  acid  (HNOg),  the  rest  being  water. 

If  the  water  is  removed  by  slowly  distilling  the  commercial  add  with 
concentrated  sulphuric  acid,  the  product  contains  from  94  to  99  per  cent 
of  the  real  acid  and  its  specific  gravity  is  about  1.5 1.  When  nitric 
acid  is  boiled,  it  loses  either  acid  or  water  until  the  liquid  contains 
approximately  68  per  cent  of  nitric  acid,  and  then  it  continues  to 
boil  unchanged  at  120°  C. 

Nitric  acid  is  very  corrosive.  It  turns  the  skin  a  perma- 
nent yellow  color,  and  may  cause  serious  burns.  Many 
organic  substances  are  turned  yellow  and  sometimes  com- 
pletely decomposed  by  it.  It  parts  readily  with  its  oxygen, 
especially  when  hot,  and  is  therefore  an  energetic  oxidizing 
agent.  Charcoal  burns  brilliantly  in  hot  acid,  while  straw, 
sawdust,  hair,  and  similar  substances  are  charred  and  even 
inflamed  by  it.  Iron  sulphide  heated  with  nitric  acid 
becomes  iron  sulphate,  by  the  addition  of  oxygen,  thus  — 

FeS      +    2O2    =     FeSO^ 

Iron  Sulphide     Oxygen      Iron  Sulphate 

Uses  of  Nitric  Acid.  —  Nitric  acid  is  one  of  the  com- 
mon laboratory  acids.  Large  quantities  are  used  in  the 
manufacture  of  nitrates,  dyestuffs,  sulphuric  acid,  nitro- 
glycerine, gun  cotton,  in  the  refining  of  gold  and  silver, 
and  in  etching  copper  plates. 

Composition  of  Nitric  Acid.  -—  Although  the  alchemists  knew  and 
valued  nitric  acid,  its  composition  was  a  mystery  until  Lavoisier  showed 
in  1776  that  it  contained  oxygen  and  probably  nitrogen.  Its  exact 
composition  was  determined  by  Cavendish  in  1 784-1 785,  by  passing 
electric  sparks  through  a  mixture  of  oxygen  and  nitrogen  in  the  pres- 
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ence  of  water  or  caustic  potash.  The  same  facts  had  been  observed,  but 
not  explained,  by  Priestley.  Many  independent  experiments  show  that 
the  composition  of  nitric  add  is  expressed  by  the  formula  HNOj. 
(i)  When  electric  sparks  are  passed  through  a  bottle  containing  mobl 
air  or  a  solution  of  potassium  hjdroxide,  the  water  becomes  add  to 
litmus  or  the  liquid  will  be  found  to  contain  a  trace  of  potassium  nitrate. 
(2)  Nitric  acid  may  be  reduced  to  ammonia  by  nascent  hydrogen,  thus 
showing  that  the  acid  contains  nitrogen.  (3)  Conversely,  if  a  mixture 
of  ammonia  and  air  is  passed  over  a  mass  of  hot,  porous  platinum, 
nitric  acid  is  formed.  {4)  ]f  the  add  is  allowed  to  flow  through  a  hoi 
porcelain  or  clay  tube,  oxygen  is  one  of  the  gaseous  products. 

liitrates.  —  Nitric  acid  is  monobasic  and  forms  a  series 
of  well-defined  salts  called  nitrates.  The  interaction  of 
nitric  acid  and  most  metals  is  exceedingly  vigorous,  and 
for  this  reason,  probably,  the  alchemists  called  the  acid 
a^ua  for/is  ^  strong  v/aXer.  The  reaction  varies  with  the 
metal,  strength  of  the  acid,  temperature,  and  the  presence 
of  resulting  compounds. 

The  solid  product  of  the  reaction  is  usually  a  nitrate,  though  some 
metals,such  as  tin  and  antimony,  form  oxides.  The  gaseous  products 
are  usually  oxides  of  nitrogen,  especially  nitric  oxide  (NO),  which, 
however,  quickly  forms  nitrogen  peroxide  (NO,;)  in  the  air.  Hydrogen 
is  never  liberated  so  that  it  can  be  collected ;  probably  it  immediately 
reduces  the  nitric  acid  to  another  compound  of  nitrogen.  Nitrates  ai 
also  formed  by  the  action  of  tutric  acid  upon  oxides,  hydroxides,  and 
carbonates,  thus  — 


CuO  +     3HNO5 

Copper  Oxide 

KOH        +        HNO, 
Potassium 
Hydroxide 

Na^CO,       f     3  HNOa 


CuCNO,), 
Copper  Nitrate 


HP 


2NaNO^  +  COj  +     HjO 

Sodium 
Nitrate 
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len  nitric  acid  is  poured  upon  copper,  the  liquid  bub- 
dolently  and  becomes  hot,  dense  fumes  of  a  reddish 
1  gas  are  given  off,  and  the  liquid  turns  blue  owing 
e  dissolved  copper  nitrate.  Other  metals,  such  as 
iron,  and  silver,  act  in  a  similar  way,  though  the  nitrate 
e  only  in  the  case  of  copper.  The  usual  equation  for 
lemical  change  with  copper  is  — 

+    SHNOg  =   3Cu(N08)2   +     2NO     +  4H2O 

Copper  Nitrate       Nitric  Oxide 

1  nitric  oxide  is  exposed  to  the  air,  it  changes  at  once 
he  reddish  brown  peroxide,  thus  — 

NO         +        O        =  NO2 

Nitric  Oxide  Oxygen  Nitrogen  Peroxide 

:rates  as  a  rule  are  very  soluble  in  water.  They  be- 
in  various  ways  when  heated.  Some,  like  sodium 
potassium  nitrates,  lose  oxygen  and  pass  into  nitrites  • 
s,  like  copper  nitrate,  form  an  oxide  of  the  metal,  an 
of  nitrogen,  and  oxygen ;  and  one,  ammonium 
:e,  decomposes  into  water  and  nitrous  oxide  (NgO). 
!  many  nitrates,  when  heated,  give  up  oxygen,  they 
owerful  oxidizing  agents.  Potassium  nitrate  dropped 
>t  charcoal  burns  the  charcoal  vigorously  and  rapidly, 
kind  of  chemical  action  is  called  deflagration. 

i  Test  for  Nitrates  (and  of  course  for  nitric  acid)  is  as  follows  :\ 
)  the  nitrate  solution  an  equal  bulk  of  concentrated  sulphuric  acid,    >v 
)on  the  cool  mixture  pour  carefully  a  cold,  dilute  solution  of  fresh      \ 
5  sulphate.    A  brown  layer  is  formed  where  the  two  liquids  meet,  x 

rous  Acid  (HNO3)  has  never  been  obtained  in  the  free  state,  but 
ts  —  the  nitrites  —  are  well  known.  Potassium  nitrite  (KNOj) 
)dium  nitrite  (NaNOg)  are  formed  by  removing  the  oxygen  from 
)rresponding  nitrate  by  heating  gently  or  by  heating  with  lead, 
ss  give  off  brown  fumes  when  treated  with  sulphuric  acid,  thus 
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being  readily  distinguished  from  nitrates.  Nitrites  are  formed  by  the 
decomposition  of  organic  matter,  and  the  presence  of  a  relatively  large 
amount  in  drinking  water  indicates  contamination  by  sewage. 

Aqua  Regia  is  an  old  term  which  is  still  applied  to  a 
mixture  of  concentrated  nitric  and  hydrochloric  acids. 
The  expression  means  "royal  water,"  and  indicates  that 
the  mixture  dissolves  gold  and  platinum — the  noble  metals. 
Its  solvent  power  depends  mainly  upon  the  free  chlorine 
which  is  produced  in  the  mixture  by  the  oxidizing  action 
of  the  nitric  acid.  The  product  of  the  action  of  aqua 
regia  on  metals  is  always  the  chloride  of  the  metal. 

Oxides  of  Nitrogen. — There  are  five  oxides  of  ni- 
trogen :  — 


Name. 

Formula. 

Characteristic. 

Nitrous  oxide 

Nitric  oxide 

N2O 

NO 

N2O3 
NO2 

N2O5 

Colorless  gas 
Colorless  gas 
Blue  liquid 
Brown  gas 
White  soHd 

Nitrogen  trioxide 

Nitrogen  peroxide 

Nitrogen  pentoxide 

Only  three  of  these  are  important,  viz.,  nitrous  and  nitric 
oxides,  and  nitrogen  peroxide. 

Nitrous  Oxide  is  one  of  the  numerous  decomposition 
products  of  nitric  acid,  but  it  is  usually  prepared  by  decom- 
posing ammonium  nitrate.  This  salt,  if  gently  heated  in  a 
test  tube  provided  with  a  delivery  tube,  first  melts  and  then 
decomposes  into  water  and  nitrous  oxide ;  the  gas  may  be 
collected  over  warm  water.  The  equation  of  the  chemical 
change  is  — 

NH4NO3       =        N2O       +       2H2O 
Ammonium  Nitrate      Nitrous  Oxide 
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This  colorless  gas  has  a  sweet  taste  and  a  faint  but  pleas- 
ant odor.  It  is  less  soluble  in  hot  than  in  cold  water.  The 
gas  does  not  burn,  but  it  supports  the  combustion  of  many 
burning  substances,  though  not  so  vigorously  as  oxygen 
does.  Sulphur,  for  example,  will  not  burn  in  nitrous  oxide, 
unless  the  sulphur  is  hot  and  well  ignited  at  first.  The 
most  striking  property  of  nitrous  oxide  is  its  effect  on  the 
human  system..  If  breathed  for  a  short  time,  it  causes 
more  or  less  nervous  excitement,  often  manifested  by 
laughter,  and  on  this  account  the  gas  was  called  "  laughing 
gas  "  by  Davy.  If  breathed  in  large  quantities,  it  slowly  pro- 
duces unconsciousness  and  insensibility  to  pain.  The  gas 
is  often  used  when  insensibility  is  desired  for  a  short  time, 
as  in  dentistry. 

It  is  easily  liquefied  by  cold  and  pressure,  and  is  often  used  in  this 
form  to  furnish  the  gas  itself  and  to  produce  very  low  temperatures.  It 
is  a  commercial  article  and  is  sold  in  small  iron  cylinders. 

Nitrous  oxide  was  discovered  by  Priestley  in  1776;  but  its  composi- 
tion was  not  explained  until  1 799,  when  Davy,  by  an  extensive  study  of 
its  properties,  proved  it  to  be  an  oxide  of  nitrogen.  In  his  enthusiasm 
Davy  wrote  a  friend:  "This  gas  raised  my  pulse  upward  of  twenty 
strokes,  made  me  dance  about  the  laboratory  as  a  madman,  and  has 
kept  my  spirits  in  a  glow  ever  since."  It  is  needless  to  say  that  the 
usual  results  are  more  quieting. 

The  Composition  of  Nitrous  Oxide  is  shown  as  follows :  By  ex- 
ploding equal  volumes  of  nitrous  oxide  and  hydrogen,  only  nitrogen 
remains,  and  its  volume  equals  the  original  volume  of  nitrous  oxide. 
The  oxygen  unites  with  the  hydrogen  to  form  water,  and  there  is  just 
enough  oxygen  to  unite  with  a  volume  of  hydrogen  equal  to  the  volume 
of  the  nitrous  oxide.  Therefore,  the  oxygen  in  the  nitrous  oxide  must 
"^ve  been  equM  to  half  the  volume  of  the  nitrogen,  since  oxygen  and 
"ydrogen  combine  in  the  ratio  of  one  to  two.  Furthermore,  experiment 
"^  shown  that  the  weights  of  equal  volumes  of  nitrous  oxide  and  ni- 
^^ogen  are  in  the  ratio  of  44  to  28.  Therefore,  the  smallest  part  of 
^^gen  united  with  the  nitrogen  must  weigh  16;  and  since  the  nitrogen 
^^ighs  28,  the  formula  must  be  N2O. 
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mtric  Oxide  has  long  been  known,  since 'it  is  the  usual 
gaseous  product  of  the  interaction  of  nitric  acid  and  metals. 
It  is  usually  prepared  by  the  interaction  of  copper  and 
dilute  nitric  acid  (sp.  gr.  1.2).  The  equation  for  the  com- 
plex chemical  change  is  usually  written  thus  — 

3Cu    +    SHNOg     =     2NO    +  3Cu(N08)2  +  4H2O 

Copper        Nitric  Add         Nitric  Oxide      Copper  Nitrate 

The  gas  thus  prepared  is  impure,  and  it  is  customary  to 
use  ferrous  sulphate  and  nitric  acid  as  a  source  of  the 
pure  gas. 

Nitric  oxide  is  a  colorless  gas,  but  upon  exposure  to  the 
air,  it  combines  at  once  with  oxygen,  forming  dense  red- 
dish brown  fumes  of  nitrogen  peroxide.  The  simplest 
equation  for  this  change  is  — 

NO      +      O     =      NO, 

Nitric  Oxide  Nitrogen  Peroxide 

This  property  distinguishes  nitric  oxide  from  all  other 
gases.  It  does  not  bum,  nor  does  it  support  combustion 
unless  the  burning  substance  (r.^.  phosphorus  or  sodium) 
introduced  is  hot  enough  to  decompose  the  gas  into  nitro- 
gen and  oxygen,  and  then,  of  course,  the  liberated  oxygen 
assists  the  combustion. 

The  Cpmpositkm  of  Hitiic  Qzide  is  detenmned  by  heatiiig  iron  or 
another  n>eul  in  it.  The  oicygen  of  the  oxide  combines  nith  the  iron, 
and  the  n:tTo§>en  is  left  fw.  The  resolttng  vokraie  of  nitrogen  is  half 
the  rcvbme  of  the  nitric  oxide  taken.  Henoe  utric  oxide  contains 
eqaal  vohames  of  nitrc^n  and  oxy^^^cn.  By  an  independent  erperinjent 
the  raolecalar  weight  is  fi>und  to  be  30.    Hence  t3ie  fcramb.  most  be  NO- 

KitTOgen  Peroxide  is  the  reddish  brown  gas  fcHmed  by 

the  direct  combination  of  nitric  oxide  and  oinf^gen.    Thus-^ 

\0        +        O        ==         NOj' 

^^tricOxide  l>aSE09cn 
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is  also  produced  by  heating  certain  nitrates.    Thus  — 

Pb(N08)2    =    2NO2      +      PbO      +      O 
Lead  Nitrate       Nit.  Peroxide       Lead  Oxide        Oxygen 

he  fumes  of  nitrogen  peroxide  always  appear  when  nitric 
:id  and  metals  interact,  but,  as  already  stated,  the  fumes 
e  not  produced  at  first,  being  .the  result  of  a  second 
lemical  change  when  the  real  product,  nitric  oxide, 
•mes  in  contact  with  oxygen  of  the  air. 
Nitrogen  peroxide  is  poisonous.  It  dissolves  in  water ; 
also  dissolves  in  concentrated  nitric  acid,  forming 
ming  nitric  acid. 

At  about  —  12°  C.  nitrogen  peroxide  is  a  colorless  solid.  At  about 
[o**  C.  it  is  a  yellowish  liquid,  and  as  the  temperature  rises  the  color 
►ws  darker,  until  at  22°  C.  the  liquid  boils  and  gives  off  the  familiar 
[dish  brown  gas.  Above  140°  C.  this  gas  begins  to  lose  its  color; 
higher  temperatures  the  brown  color  entirely  disappears,  and  nitric 
ide  and  oxygen  are  produced.  Experiments  show  that  the  colorless 
J  at  22°  C.  has  the  formula  N2O4,  whence  the  name  nitrogen  tetrozide, 
en  used.    The  brown  gas  at  about  140°  C.  has  the  formula  NO^. 

mtrogen  Trioxide,  N2O3,  and  Nitrogen  Pentozide,  N2O5,  are  unstable 
npounds  and  have  no  practical  importance.  They  are  the  anhy- 
des  of  nitrous  and  nitric  acids,  thus  — 

NjOg  +  H2O  =  2HNO2 

Nitrogen  Trioxide  Nitrous  Acid 

N2O5  +  HjO  =  2HNO8 

Nitrogen  Pentoxide  Nitric  Add 

EXERCISES. 

1.  Name  several  sources  of  ammonia  gas.  How  is  ammonia  gas 
"epared  in  the  laboratory  ?  Give  the  equation  for  the  reaction. 
tate  its  important  properties. 

2.  What  is  ammonium  hydroxide  ?  How  is  it  prepared  on  a  large 
^e  ?    Summarize  its  properties.     What  are  its  uses  ? 

3*  What  is  the  meaning  and  significance  of  (a)   volatile  alkali. 
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PHOPERTIES    OF    GASES  —  GAY-LUSSAC'S    LAW    OF    G 
VOLUMES  -  AVOGADRO'S    HYPOTHESIS  —  VAPOR    DI 
SITY  AND  MOLECULAR  WEIGHT  —  MOLECULAR  WEIGH 
AND  ATOMIC  WEIGHTS  —  MOLECULAR    FORMULA  —  ! 
LECULAR  EQUATIONS  — VALENCE. 

Properties  of  Gases.  —  Extensive  study  of  gases  she 
that  they  all  conform   to   simple   laws.     Thus   we   hi 
already  seen  that  they  behave  uniformly  with  changes 
pressure  (Boyle's  law)  and  with  changes  of  temperati 
(Charles's  ]aw).     Other  simple  relations  prevail. 

Gay-Lussac's   Law.  —  Gases   combine    by   volume 
simple   ratios.     Experiment   has   revealed    the   followi 
facts  about  the  — 

Combination  of  Gases  by  Volume. 

VOLUHHS  oy  Pwrouc™. 

2  vol 
I  vol 

hydrogen 
oxygen 

2  vol.  TCa.ter  va.por 

I  vol 
1  vol 

chlorine 
hydrogen 

2  voL  hydrochloric  add  gas 

_ 

hydrogen 
nitrogen 

2  vol.  ammonia  gas 

^V 

nitrogen 
oxygen 

2  vol.  nitrous  oxide  gas 

oxygen 

2  vol.  nitrogen  trioxide  gas 

1                                                  ^ 

i       ^> 

i^. 

-  ^^M 
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KooitioQal  illustrations  will  be  given  in  later  chapters.  The 
iimple  ratio  which  exists  between  the  gas  volumes,  whether 
;omponents  or  products,  has  been  found  to  be  true  of  all 
gases.  The  law  was  pointed  out  in  1808  by  Gay-Liissac, 
who  stated  the  relation  substantially  as  follows  :  — 

Gases  combine  in  volumes  which  bear  a  siinple  ratio  to 
tack  otkerandto  (hat  of  the  product. 

By  "  a  simple  ratio "  we  mean  one  made  up  of  small 
whole  numbers.  As  a  rule,  the  product  occupies  two  unit 
volumes. 

Avogadro's  Hypothesis. — In  iSii  an  Italian  physi- 
cist proposed  an  hypothesis  to  account  for  the  similar 
behavior  of  gases.  At  that  time  the  properties  of  gases 
were  not  generally  known,  and  the  views  of  Avogadro 
were  overlooked  until  about  i860.  Since  then  the  hypo- 
thesis has  been  helpful  in  explaining  many  facts,  and  it 
is  generally  accepted  by  chemists  as  a  very  probable 
assumption.     It  may  be  stated  thus:  — 

There  is  an  equal  number  of  molecules  in  equal  volumes 
of  all  gases  at  the  same  temperature  and  pressure. 

This  statement  means  that  there  is  the  same  relation 
between  molecules  as  between  equal  volumes  of  gases.  A 
liter  of  hydrogen  weighs  0.0898  gm.  and  a  liter  of  oxygen 
at  the  same  temperature  and  pressure  weighs  1.43  gm.;  i.e. 
a  liter  of  oxygen  weighs  sixteen  times  as  much  as  a  liter  of 
hydrogen.  Now  according  to  Avogadro's  hypothesis  a  liter 
of  hydrogen  and  a  liter  of  oxygen  at  the  same  temperature 
,  and  pressure  contain  the  same  number  of  molecules,  though 
I  »edo  not  know  how  many.  Suppose,  however,  that  each 
yi|gr  contained  one  thousand  molecules.     Therefore,  since 
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a  thousand  molecules  of  oxygen  weighs  16  times  mor^ 
a  thousand  molecules  of  hydrogen,  a  single  molecule  c 
oxygen  must  weigh  16  times  more  than  a  single  molecul 
of  hydrogen.  Thercforu,  in  general,  in  order  to  find  ho' 
much  heavier  any  gaseous  molecule  is  than  a.  hydroge 
molecule,  it  is  only  necessary  to  compare  the  weights  c 
equal  volumes  of  hydrogen  and  the  gas  under  examinatioi 

An  applicatioa  of  Avogadro's  liypothesis  is  made  id  course  of  tl 
following  argumeat,  which  proves  that  a  molecule  of  hydrogen  conaisl 
of  two  atoms  :  — 

One  volume  of  hydrogen  combines  with  one  volume  of  chlorine  t 
form  two  volumes  of  hydrochloric  acid  gas.  Suppose  the  volume  ■ 
hydrogen  contained  100  molecules.  Then,  according  to  Avogadio 
hypothesis,  the  equal  volume  of  chlorine  will  contain  100  molecule 
while  the  two  volumes  of  the  product  will  contain  200  molecules  ' 
hydrochloric  acid  gas.    That  is  ^ 

100  molecules  of  Hydrogen  +  100  molecules  of  Chlorine 
=  200  molecules  of  Hydrochloric  Add  Gas. 

Now  every  molecule  of  hydrochloric  acid  gas  contains  at  least  one  ato 
each  of  hydrogen  and  chlorine,  and  the  300  molecules  must  conta. 
300  atoms  each  of  chlorine  and  hydrogen.  Therefore  each  molecule  ( 
hydrogen  and  of  chlorine  must  contain  at  least  two  atoms,  since  tb 
100  hydrogen  and  the  100  chlorine  molecules  provide  the  200  hydroge 
atoms  and  the  200  chlorine  atoms  in  the  200  molecules  of  hydrochlori 
add  gas.  There  is  no  evidence  that  the  hydrogen  or  the  chlorin' 
molecule  contains  more  than  two  atoms. 

Vapor  Density  and  Molecular  Weight.  —  It  was  statet 

in  a  previous  chapter  that  a  molecular  weight  is  the  suit 
of  the  weights  of  the  atoms  in  the  molecule.  But  thii 
method  of  finding  the  molecular  weight  is  useless,  unles! 
we  first  know  the  formula,  and  in  many  cases  the  fomiuli 
cannot  be  chosen  until  after  the  molecular  weight  has  beet 
found  by  several  methods.  Hence,  the  determination  0' 
molecular  weights  is  an  important  matter.     In  the  cisi 
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Sseous  or  volatile  elements  and  compounds,  it  is  often 
mplished  by  finding  the  vapor  density  of  the  substance. 
re  is  a  direct  and  simple  relation  between  molecular 
;ht  and  vapor  density.  By  vapor  density  we  mean  the 
I  of  the  weight  of  a  gas  to  the  weight  of  an  equal 
me  of  hydrogen  at  the  same  temperature  and  pressure. 
5,  the  vapor  density  of  steam  is  9,  because  experiment 
'S  that  it  weighs  9  times  more  than  an  equal  volume  of 
ogen  under  the  same  conditions  of  temperature  and 
sure.  Therefore  the  molecular  weight  of  steam  is  g 
s  the  molecular  weight  of  hydrogen.  But  the  molec- 
weight  of  hydrogen  is  2,  since  its  molecule  contains 
atoms  each  weighing  i.  Therefore,  the  molecular 
:ht  of  steam  is  18,  or  twice  the  vapor  density.  The 
:ral  fact  that  the  molecular  weight  of  a  compound  in 
gaseous  state  is  twice  its  vapor  density  is  illustrated 
be  following  table  showing  the  — 


i 


)n  dioxide  • 


BETWEEN  Vapor  Density  and  Molecular  Weight. 


OcMoric  acid   .     . 
^^r  (steam)   . 


18 


Hethodi  of  determining  Holeculor  Weights — Some  sub- 
t  be  vaporized  without  decomposition.  The  molecular 
Its  of  such  substances  cannot,  of  course,  be  found  by  the  vapor 
ly  method.  If  a  substance  dissolves  without  decomposition,  its 
eight  can  be  determined  by  the  boiling-point  or  freeiing- 
jd.  No  experimental  method  is  known  for  determining  the 
I  weight  of  a  substance  in  the  solid  stale.  The  molecular 
1  substance  in  the  solid  state  is  assumed  to  have  the  same 
pat  found  by  the  usual  methods. 


I 
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Determination    of    Atomic    Weights.  —  The    alji 

weiglit  of  an  element,  as  already  stated,  is  a  relative  weigl 
It  is  a  number  expressing  the  relation  of  the  weigl 
of  an  atom  of  a  given  element  to  the  weight  of  an  ato 
of  some  element  chosen  as  a  standard.  Thus,  if  we  si 
that  the  atomic  weight  of  nitrogen  is  14,  we  mean  th 
the  relation  between  the  weight  of  the  nitrogen  atom  at 
that  of  the  hydrogen  atom  is  14  to  i,  if  we  adopt  t! 
hydrogen  atom  as  the  standard  atom ;  or  we  mean  th 
the  relation  between  the  weight  of  the  nitrogen  atom  ar 
that  of  the  oxygen  atom  is  14  to  16,  if  we  adopt  the  oxygt 
atom  as  the  standard.  The  approximate  atomic  weigh 
are  usually  expressed  in  round  numbers,  and  do  not  vai 
much  with  the  standard.  Wherever  exact  atomic  weigh 
are  used  in  this  book,  the  oxygen  standard  is  the  basi 
(See  International  and  Approximate  Atomic  Weighl 
Appendix,  §  5.) 

In  Chapter  IX  it  was  stated  that  the  determination  an 
selection  of  atomic  weights  are  based  on  several  principle: 
This  subject  can  now  be  appropriately  considered. 

Analysis  of  compounds  gives  their  composition  in  pe 
cent.  If  the  per  cents  are  restated  in  a  certain  waj 
equivalents  are  obtained.  But  equivalents  are  not  usei 
to  express  composition,  because  they  do  not  harmonic 
with  fact's  and  theories.  For  example,  (a)  the  sum  of  Ihi 
equivalents  of  the  elements  in  a  compound  does  no 
always  equal  the  molecular  weight,  and  {6)  certain  ele 
ments  have  two  equivalents.  Now  the  numbers  selects 
as  atomic  weights  do  harmonize  with  the  system  of  fact 
and  theories  adopted  in  chemistry  for  expressing  tbi 
quantitative  relations  of  the  elements.  The  ztotoit 
weight  of  an  element  is  equal  to  or  a  multiple  of  it 
equivalent ;  it  is   also  the  smallest  weight  of  an  elemen 
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is  contained  in  a  molecule  of  many  representative 
unds. 

method  of  selecting  the  atomic  weight  is  illustrated 
case  of  chlorine,  which  has  the  atomic  weight  35.5. 
lolecular  weights  of  several  chlorine  compounds  are 
by  the  vapor  density  method.  The  compounds  are 
ed  to  find  the  number  of  grams  of  chlorine  in  that 
r  of  grams  of  the  compound  equal  to  the  determined 
liar  weight.  And  the  highest  common  factor  of 
veights  of  chlorine  is  taken  as  the  atomic  weight  of 
iment.  A  concise  view  of  the  method  is  shown  in 
lowing  — 

Table  of  Chlorine  Compounds. 


Compound. 

m 

Molecular 
Weight. 

Weight  of 
Chlorine. 

H.  C.  F. 

tiloric  acid  .... 

365 

35-5 

I  X  35-5 

t  peroxide  .     .     , 

67.5 

35-5 

I  X  35-5 

m  chloride .     .     . 

61.5 

355 

I  X  35-5 

i  gas 

71 

71 

2  X  35.5 

5  monoxide      .     . 

87 

71 

2  X  35.5 

)rus  trichloride    . 

1375 

106.5 

3  X  35-5 

)rni 

1 19.5 

106.5 

3  X  35-5 

tetrachloride  .     . 

170 

142 

4  X  35-5 

-1 

of  these  compounds  contains  a  smaller  weight  of 
le  than  35.5;  i.e.  35.5  is  the  atomic  weight  of 
le. 

nic  weights  can  be  determined  accurately  by  analy- 
se know  the  number  of  atoms  which  combine  to 
L  molecule  of  the  compound  analyzed.  Thus,  the 
n  chemist,  Stas,  who  made  masterly  determinations 
mic   weights,   found   that    121.4993  gm.    of   silver 


1 
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chloride  were  formed  hy  burning  91.462  gm,  of  silve 
in  chlorine.  He  knew  that  one  atom  of  silver  and  on 
of  chlorine  unite  to  form  silver  chloride ;  he  also  acceptei 
35.453  as  the  atomic  weight  of  chlorine.  Hence,  he  calcu 
lated  the  atomic  weight  of  silver  thus  — 

121.4993  -  91463  =  30.03;3, 

which  is  the  weight  of  the  chlorine  used. 
Therefore  ~ 

91.462:30.0373  ::.!-;  35.453,   x=  107.95, 

which  was  accepted  as  the  atomic  weight  of  silver. 

Approximate  atomic  weights  of  the  solid  elements,  espe- 
cially the  metals,  may  be  found  by  applying  the  law  of 
specific  heats.  This  law  was  announced  by  Dulong  and 
Petit  in  1S19.     It  is  staled  as  follows:  ^ 

The  product  of  the  specific  heat  and  atomic  weight  of  tht 
solid  elements  is  approximately  6.25. 

By  specific  heat  we  mean  the  quantity  of  heat  necessary 
to  raise  the  temperature  of  a  substance  one  degree  com- 
pared with  the  quantity  necessary  to  raise  the  temperature 
of  the  same  weight  of  water  one  degree.  If  "the  same 
quantity  of  heat  is  imparted  to  equal  weights  of  water  and 
mercury,  the  temperature  of  the  mercury  will  be  much 
higher- — about  32  times  higher  than  that  of  the  water. 
That  is,  the  mercury  require.'!  only  about  5^  as  much  heat 
as  the  water.  In  other  words,  the  specific  heat  of  mercury 
,  is  gV,  or  0.0312.  The  specific  heat  of  other  elements  is 
readily  found. 

The  constant  quantity  found  by  multiplying  the  specific 
heat  by  atomic  weight  is  approximately  6.25.     This  r 
tion  is  illustrated  by  the  following  — 
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Table  of  Specific  Heats. 


Elbmbmt. 


Calcium . 
Copper  . 
Iron  .  . 
Lead  .  . 
Potassium 
Sodium  . 
Sulphur  . 
Tm  .  . 
Zinc  .    . 


Specific  Heat. 


0.170 
0.095 
O.I  14 
0.031 
0.166 
0.293 
0.178 
0.055 
0.094 


Atomic  Weight, 


40 

63.5 
56 
207 

39 

23 

32 

119 

65.4 


Product. 


6.8 

6.04 

6.38 

641 

6.47 

6.73 

57 
6.54 

6.15 


The  use  of  this  law  in  checking  atomic  weights  may  be 
illustrated  as  follows:  The  specific  heat  of  silver  is  found 
l>y  experiment  to  be  0.057;  if  6.25  is  divided  by  this  num- 
ber, the  quotient  is  approximately  109.  This  result  agrees 
approximately  with  107.88 — the  accepted  atomiic  weight  of 
silver.  Again,  the  specific  heat  of  mercury  is  0.0312;  if 
6-25  is  divided  by  this  number,  the  quotient,  200,  indicates 
that  the  atomic  weight  of  mercury  is  200  —  a  value  obtained 
Dy  other  methods;  This  law  has  been  of  assistance  in  the 
fcal  selection  of  the  approximate  atomic  weight  of  several 
elements.  Thus,  the  atomic  weight  of  uranium  was  finally 
accepted  as  about  238  instead  of  119.  Both  values  agreed 
^ith  analyses,  but  only  the  former  conformed  to  Dulong 
and  Petit's  law. 

The  plan  followed  in  determining  th6  atomic  weight  of  zinc  illustrates 
tl^e  methods  actually  used. 

(a)  When  zinc  interacts  with  dilute  hydrochloric  or  sulphuric  acid, 
^ydrogen  is  liberated ;  and  if  a  known  weight  of  zinc  is  used,  the  weight 
°f  zinc  needed  to  liberate  i  gm.  of  hydrogen  is  easily  calculated, 
^his  number,  as  we  have  already  seen,  is  the  equivalent  of  zinc  (see 
Equivalents^  Chapter  IX).     Now  if  one  atom  of  zinc  replaces  one  atom 
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of  hydrogen,  then  the  atomic  weight  of  zinc  and  the  atomic  weight  o 
hydrogen  will  have  the  same  ratio  as  the  weight  of  zinc  and  the  weigb 
of  hydrogen  found  by  experiment.  According  to  experiment  th 
equivalent  of  zinc  is  about  32.5.  This  is  its  relation,  atom  for  atOB 
to  hydrogen,  and,  tlius  far,  is  its  atomic  weight. 

(i)  When  ziac  and  hydrochloric  add  interact,  line  chloride  i 
formed.  If  it  is  analyzed,  the  proportion  of  zinc  to  chlorine  is  abot 
32.5  to  35.5.  If  the  elements  combine,  atom  for  atom,  the  atomi 
weiglit  of  zinc  is  33.5  (assuming  that  35.5  is  the  atomic  weight  o 
chlorine) . 

(c)  When  zinc  is  burned  in  air,  xinc  oxide  is  formed.  If  this  com 
pound  is  analyzed,  the  proportion  of  zinc  to  o.xygen  is  about  65  to  ifi 
If  the  elements  combine  atom  for  atom,  the  atomic  weight  of  zinc  i 
about  65  (assuming  that  16  is  the  atomic  weight  of  oxygen). 

(rf)  According  to  these  three  determinations,  the  atomic  weight  of 
line  is  33.5  or  65.  We  have  assumed  that  the  elements  unite  atom  for 
atom  in  each  compound.  This  is  an  incorrect  assumption,  because  an 
atom  of  zinc  cannot  have  two  different  weights  —  32,5  and  65.  If  the 
atomic  weight  is  32.;,  zinc  oxide  must  consist  of  one  atom  of  oxygen 
and  two  of  zinc.  But  if  the  atomic  weight  is  65,  zinc  chloride  must 
consist  of  two  atoms  of  chlorine  and  one  of  zinc,  and  two  atoms  of 
hydrogen  must  have  been  replaced  by  one  of  zinc. 

(e)  TliB  molecular  weight  of  zinc  chloride  is  found  by  the  vapor 
density  method  to  be  about  133.  If  zinc  chloride  consists  of  tm) 
atoms  of  chlorine  and  one  of  zinc  (weighing  6;),  its  molecular  weigM 
is  about  136.  In  other  words,  it  is  evident  that  our  assumption  regard- 
ing the  number  of  atoms  in  zinc  chloride  is  highly  probable. 

(/)  We  are  not  absolutely  positive,  however,  that  the  zinc  in  * 
molecule  of  zinc  chloride  may  not  be  one  atom  weighing  65,  or  iw 
atoms  weighing  32.5  each.  But  the  atomic  weight  of  zinc  determiMii 
by  applying  the  law  of  specific  heats  is  664  (/.«.  6.25  -^  0.09+).  This 
shows  clearly  that  the  atomic  weight  of  zinc  is  approximately  65. 

Molecular  Formula.  — The  simplest  formula  of  a  com- 
pound is  found  by  dividing  the  percentage  of  each  element 
by  its  atomic  weight  (and  reducing  the  quotients  to  the 
smallest  whole  numbers,  if  necessary).  But  the  simplest 
formula  may  not  be  the  molecular  formula;  that  is,  it  may 
not  express  the  composition  am^  »ii»/^iT  of  u/oms  in  a  mole- 


cuie  of  the  compound  in  the  gaseous  state.  Every  formula, 
however,  is  designed  to  be  a  molecular  formula.  Since  the 
molecular  weight  of  a  compound  is  twice  its  vapor  density, 
the  molecular  formula  can  be  calculated  from  the  simplest 
formula.  Thus,  the  simplest  formula  of  a  compound  of 
carbon  and  hydrogen  was  found  to  be  CH^.  Its  vapor 
density  was  found  to  be  81.4.  Hence  its  molecular  weight 
must  be  162. S,  which  is  nearly  twelve  times  that  corre- 
sponding to  CHj.  Therefore  the  -molecular  formula  is 
CjjHj,.  Molecular  formulas  of  other  compounds  may  be 
similarly  found. 

Molecular  Equations-  —  Equations  which  represent  re- 
actions between  gases  are  sometimes  written  as  molecular 
Conations.  Such  equations  represent  changes  as  taking 
place  between  the  smallest  possible  physical  units,  that  is, 
between  molecules.  The  molecular  equation  for  the  for- 
mation of  water  from  hydrogen  and  oxygen  is  — 

2  H3  -f  Oj  -^  2  HjO. 
It  is  read  thus :  Two  molecules  of  hydrogen  unite  with  one 
molecule  of  oxygen  to  form  two  molecules  of  water.  Since 
most  elementary  gases  consist  of  molecules,  such  an  equa- 
''on  is  strictly  correct.  It  should  be  noted,  however,  that 
'he  proportions  are  the  same  as  in  the  simpler  form  of  the 
equation.  For  practical  purposes  the  molecular  equation 
'*  preferable  only  in  the  case  of  gases. 

Molecular  equations  are  s 
"scause  such  equations  tell  al 
•So..     Tku.-  H,     +     a,     .     JHCI 

"'tans  that  one  volume  each  of  hydrogen  and  chlorine  unite  to  form  two 
''olumes  of  hydrochloric  acid  gas.  This  equation  b  sometimes  writ- 
'^'^~  M      J.       ri      -     -iHrt 
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Valence.  —  An  examination  of  many  formulas  obtained 
by  the  principles  just  discussed  shows  certain  regularities, 
Take,  for  example,  some  binary  compounds  of  hydrogen. 
They  fall  into  four  groups,  tbus  — 

1.  II.  III.  IV. 

HCl  HaO  HgN  H^C 

HBr  HjS  HgP  H^Si 

Obviously,  the  atoms  of  these  elements  differ  in  tbeir 
power  of  combining  with  hydrogen  atoms.  Some  unite 
with  one  atom,  some  with  two  atoms,  and  so  on.  Atoms 
of  other  elements  besides  those  in  the  above  list  differ  in 
their  combining  power.  The  power  of  atoms  of  an  ele- 
ment to  hold  in  combination  a  certain  number  of  other 
atoms  is  called  the  valence  or  quantivalence  of  the 
element.  The  valence  of  lydrogen  is  always  one.  Ele- 
ments which  combine  atom  for  atom  with  one  atom  of 
hydrogen  have  the  valence  one,  and  are  called  univaleot 
elements  or  monads;  sodium  and  potassium  are  always 
univalent,  and  .so  is  chlorine  in  hydrochloric  acid.  Ele- 
ments which  combine  with  two  atoms  of  hydrogen  have 
the  valence  two,  and  are  called  bivalent  elements  or 
dyads ;  oxygen,  magnesium,  and  sulphur  are  bivalent 
elements.  So,  also,  some  elements  like  aluminium,  aretri- 
valent  or  triads ;  others,  like  carbon  and  silicon,  are 
quadrivalent  or  tetrads ;  and  some,  like  the  nitrogen  in 
nitric  acid,  are  quinquivalent  or  pentads.  Elements  of 
the  same  valence  combine  with  or  replace  each  other  atom 
for  atom.  Thus,  one  atom  of  sodium  replaces  one  atom 
of  hydrogen  in  hydrochloric  acid ;  and  one  atom  of  oxygen 
combines  with  one  atom  of  magnesium.  Elements  of  dif- 
ferent valence  form  compounds  in  which  usually  ttie 
total  valence  of  the  atoms  of  each  element  is  equal.     Thus, 
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combines  with  two  monads  (as  in  HgO),  a  triad  with 
lonads  (as  in  NHg),  two  triads  with  three  dyads  (as 
)3),  one  tetrad  with  two  dyads  (as  in  CSg),  and  so  on. 
icals  have  a  valence,  since  in  chemical  changes  they 
5  atoms.  The  valence  of  ammonium  (NH^  is  one, 
hydroxyl  (OH) is  one.  Thus,  NH4CI  is  the  formula 
nonium  chloride,  NaOH  of  sodium  hydroxide,  but 
l\  of  calcium  hydroxide, 
valence  of  certain  elements  and  radicals  is  as  follows : 

TABLE  A.  —  Valence  of  Certain  Elements. 


IB. 

Symbol. 

Valence. 

Name. 

Symb6l. 

Valence. 

im 

Al 

Ill      . 

Lead      .     .     . 

Pb 

II 

ium]  . 

[NHJ 

I 

Magnesium     . 

Mg 

II 

•         • 

Ba 

II 

Mercury  (ous) 

Hg 

I 

•         • 

Bi 

III 

Mercury  (ic)  . 

Hg 

II 

•         • 

Ca 

II 

Potassium  .     . 

K 

I 

m  .    . 

Cr 

III 

Silver     ,    .    . 

Ag 

I 

ous)  . 

Cu 

I 

Sodium .     .     . 

Na 

I   ' 

ic)     . 

Cu 

II 

Tin  (ous)   .     . 

Sn 

II 

5).    . 

Fe 

II 

Tin  (ic).     .     . 

Sn 

IV 

■                • 

Fe 

III 

Zinc  .... 

Zn 

II 

BLE  B.  — Valence  of  Certain  Elements  and  Radicals. 


IB 

^YMBOL  OR 

Formula. 

Valence. 

Name. 

Symbol  or 
Formula. 

Valence. 

Br 

I 

Nitrate  .     .     . 

NOg 

te  .    . 

COg 

II 

Nitrite    .     .     . 

NO2 

ClOs 

I 

Oxide     .     .     . 

0 

II 

CI 

I 

Permanganate 

Mn04 

e   .    . 

Cr04 

II 

Phosphate .     . 

PO4 

III 

ate     . 

CrgOy 

II 

Sih'cate  .     .     . 

SiOg 

F 

I 

Sulphate     .     . 

SO4 

le.    . 

OH 

I 

Sulphide     .     . 

S 

II 

•         •         • 

I 

I 

Sulphite      .     . 

SOg 

ite.     . 

Mn04 

II 

Sulphite  (acid) 

HSOg 
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Formulas  may  be  written  by  using  these  tables.  Suppbf 
the  formula  of  magnesium  chloride  is  desired.  From  table 
A  the  valence  of  magnesium  is  found  to  be  II,  and  from 
table  B  the  valence  of  chlorine  in  chlorides  is  found  to  be  I, 
Remembering  the  rule  that  in  most  compounds  the  total  va- 
lence of  the  atoms  of  each  element  is  equal,  it  is  necessary 
to  have  two  atoms  of  chlorine  and  one  of  magnesium ;  hence 
the  formula  is  MgCl^.  Again,  suppose  we  wish  the  formula 
of  lead  nitrate.  From  the  tables  the  valence  of  lead  is  11 
and  of  the  NOg-group  is  I.  Therefore  it  is  necessary  tn 
have  two  NOg-groups  for  one  atom  of  lead,  and  the  formula 
is  Pb(N0g)2.  Similarly,  the  formula  of  aluminium  oxide  is 
AljOg,  because  2  and  3  are  the  least  number  of  atoms  of 
Al  and  O  which  give  equal  valence  (VI  in  each  case). 
Formulas  of  acids  may  be  written  by  prefixing  the  correci 
number  of  hydrogen  atoms  to  the  atom  or  group  in  table  B. 
Thus,  HNOa  is  the  formula  of  nitrous  acid. 

Some  chemists  prefer  to  regard  valence  as  the  quotient  obtained  bf 
dividing  the  atomic  weight  by  the  equivalent  weight.  For  example 
the  valence  of  oxygen  is  2,  the  quotient  of  16  -1-  8.  Such  a  view  is 
not  inconsistent  with  the  one  generally  held,  because  valence  is  Ihe 
direct  outcome  of  composition. 

The  valence  of  elements  may  be  represented  in  several  ways,  (■/- 

H',  H  — ,   ~  O  -,   O  =,  N  — .      Sometimes   formulas   are   written  W 

show  the  valence,  e.g.  —  /H 

Hydrochloric  acid,  H  -  CI,  Water,  H  -  O  -  H,  Ammonia,  N  -  H. 

^" 
Such  formulas  are  called  structural  or  graphic  formulas  to  dbtinguish 
them  from  the  ordinary  or  empirical  formulas. 

EXERCISES. 

I.    Review  (a)   Boyle's  law,  and  (b)  Charles's  law. 

3.    State  and  illustrate  Gay-Liissac'.'s  law. 

3.   Give  a  brief  account  of  (fl)   Gay-Lussac,  (Ji)  Avogadro,  (f)  SlM 


i^Ak 


Exercises. 


179 


^^.    State  and  illustrate  Avogadro's  hypothesis. 

5.  What  is  the  relation  of  the  molecular  weight  of  a  gas  to  (a)  the 
lolccular  and  {b)   the  atomic  weight  of  hydrogen? 

6.  (a)  State  the  argument  proving  that  a  molecule  of  hydrogen 
otisists  of  two  atoms.     (6)  Apply  the  same  argument  to  oxygen, 

7.  What  is  the  relation  between  molecular  weight  and  vapor  den- 
sity ?  Illustrate  your  answer.  What  application  is  made  of  this 
relation  ? 

8.  Why  is  the  formula  of  water  H.p  and  not  HO  or  H^O.  ? 
g.   Why  is  the  formula  of  ozone  O^  ? 

10.  (a)  How  are  molecular  weights  determined?  (b)  How  are 
atomic  weights  found  from  molecular  weights  ? 

|[.  Illustrate  the  method  of  determining  aloniic  weights  by  chemical 
analysis. 

13.  What  is  a  molecular  formula  ?  What  is  the  molecular  formula 
of  oxygen,  nitrogen,  chlorine,  and  hydrogen  ?  How  is  a  molecular 
'orniula  determined  ?    Illustrate  your  answer. 

13.  What  is  a  molecular  equation?  Give  two  illustrations.  How 
does  it  differ  from  an  ordinary  chemical  equation  ?  Of  what  use  are 
such  equations  ? 

14.  DeSne  (a)  valence,  (b)  monad,  dyad,  triad,  tetrad,  pentad, 
(^)  univalent  element,  bivalent  element,  {d)  saturated  compound, 
{')  unsaturated  compound. 

15.  What  is  the  valence  of  hydrogen  ?  Why  ?  Of  oxygen  ?  Why  ? 
How  may  valence  be  found  by  inspecting  a  binary  formula  ?  What  is 
'iie  valence  of  NH^  and  OH  ? 

i5.   Illustrate  the  ways  valence  may  be  represented. 

17.  Distinguish  between  structural  and  empirical  formulas. 

18.  Write  the  formula  of  the  chloride  of  potassium,  sodium,  silver, 
t^opper  (ous),  copper  (ic),  mercury  (ous),  mercury  (ic),  iron  (ous), 
"^on  (ic),  zinc,  tin  (ous).  tin  (ic),  calcium,  barium,  magnesium,  bismuth, 
^'uminium.  ammonium,  lead. 

19.  Write  the  formula  of  the  sulphate  of  K,  Na,  Ag,  Cu,  Fe  (ous), 
2n,  Pb,  Ca,  Ba,  Mg,  Cr,  Al,  NH4. 

20.  Write  the  formula  of  manganese  dioxide,  ammonium  fluoride, 
*odium  silicate,  potassium  manganate,  barium  phosphate,  zinc  iodide, 
•inmonium  chromate,  silver  chromate,  magnesium  oxide,  sodium  dichro- 
'^ate,  aluminium  chloride,  ferrous  bromide,  calcium  phosphate,  mer- 
i^ous  nitrate. 
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The  diamond  is  insoluble  in  all  liquids  at  the  ordinaiy 
temperature,  has  the  high  specific  gravity  of  3.5,  and  is  the 
hardest  known  substance. 

It  is  brittle  and  may  be  shattered  by  a  blow  -with  a  ■ 
hammer. 


Diamonds  have  always  been  prized  as  gems  on  account  of  i 
beauty,  rarity,  and  permanency.  Besides  being  worn  as  jewels,  tltj  1 
are  used  to  cut  glass,  and  the  powder  and  splinters  (known  as  tart) 
are  used  to  grind  and  polish  diamonds  and  other  hard  gems.  The  im- 
pure variety  which  comes  from  Brazil,  and  is  called  carbonado,  is  set  tnta 
the  end  of  the  "  diamond  drill,"  which  is  used  extensively  for  borii^ 
artesian  wells  and  drilling  hard  rocks. 

The  diamond  was  formerly  found  in  gravel  deposits  in  India,  and  in 
later  years  in  Brazil.  Since  1867,  however,  about  9;  per  cent  of  the  di>- 
monds  of  commerce  have  come  from  South  Africa.  They  occur  in  a 
blubh  volcanic  rock  along  the  Vaal  River,  and  especially  near  Kimbeilej. 
Over  eight  tons  of  diamonds  have  been  found  in  South  Africa  ia  the 
last  twenty-five  years ! 

The  successive  investigations  of  Lavoisier,  Dumas,  and  Davy,  at- 
tending from  1772  to   1814,  showed  that  diamond  is  carbon,  for  when 
pure  diamond  was  burned  in  oxygen,  the   only  product  was   rarboB 
dioxide.      This  result,  which  ad- 
o  doubt,  has  been  verifirf 
by    many    famous     investigalois. 
Diamonds    have    been   made  hj 
Moissan.    He  dissolved  pure  chw- 
coal  in  melted  iron,  and  poured  the 
molten  mass  into  water.     Thesin' 
1  tremendous  pressure  was  exOlcdJ 


J  suddenly  cooled  that 
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Of  the  expanding  iron  inside  the  crust.  This  pressure  caused  the  coot 
ing  carbon  to  crjatalUze  into  diamond.  The  crystals  were  very  small, 
most  of  them  were  black,  a  few  were  white,  but  all  had  the  properties 
of  tlie  diamond  (Fig.  25). 

The  largest  diamond  thus  far  known  is  the  Cullinan.  It  was  found 
b  South  Africa  in  1905,  and  weighed  3024^  carats  (1.37  lb.  avoir.)  ' 
Tlie  cut  portions  are  among  the  crown  jewels  of  England,  Other  large 
cut  diamonds  are  the  Orloif  (194^  carats),  the  Regent  (about  136  carats), 
and  the  Kohinoor  (about  to6  carats). 

Graphite  is  a  soft,  black,  shiny  solid,  w^ich  is  smooth 
and  soapy  to  the  touch.  Pure  graphite  is  carbon.  It  occurs 
nadve  in  large  quantities  and  in  many  places.  One  va- 
riet)'  is  found  in  abundance  at  Ticonderoga,  New  York. 
Other  famous  localities  are  Ceylon,  eastern  Siberia,  Bava- 
ria, and  Italy.  Sometimes  crystals  and  grains  are  found, 
but  it  usually  occurs  in  flaky  masses  or  slabs.  Unlike 
diamond,  graphite  is  a  good  conductor  of  electricity  and  Is 
often  used  to  coat  moulds  in  electrotyping.  It  is  so  soft 
that  it  blackens  the  fingers  and  leaves  a  black  mark  on 
paper  when  drawn  across  it.  This  property  is  indicated 
by  the  name  graphite,  which  is  derived  from  a  Greek  word 
{graphein)  meaning  to  write.  It  resembles  diamond  in  its 
insolubility  in  liquids  at  the  ordinary  temperature.  Its 
specific  gravity  is  2.2,  being  considerably  lighter  than  dia- 
mond. It  produces  only  carbon  dioxide  when  burned  in 
osygen ;  but  unlike  diamond,  it  turns  into  carbon  dioxide 
by  heating  to  a  very  high  temperature  in  the  air.  Graphite 
was  once  supposed  to  contain  lead,  and  is  even  now  often 
incorrectly  called  "black  lead"  and  plumbago.  It  is  used 
to  mjke  stove  polish  and  protective  paints,  as  a  lubricant 
*here  oil  caimot  be  used,  as  the  principal  ingredient  of 

^A  carat  equals  3)  Troy  grains  for  Q.aos  gin.).  The  term  is  derived  from  Ihe 
(^arob  tiean,  which  was  used  far  ages  by  the  diamond  merchantE  of  Iadi&  as  ■ 
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graphite  crucibles,  in  which  metals  are  often  melted,  and 
in  making  electrodes  for  the  huge  electric  furnaces. 

Immense  quantities  of  graphite  are  consumed  in  the  maniifacturt^ 
lead  pencils.  The  graphite  is  washed  free  from  impurities,  ground  lo» 
fine  powder,  mixed  with  more  or  less  day,  and  then  pressed  throu^ 
perforated  plates,  from  which  the  "lead"  issues  in  tiny  rods.  Theie 
are  dried,  cut  into  the  proper  lengths,  baked  to  remove  all  traces  of 
moisture,  and  then  inserted  in  the  woodea  case. 

In  the  United  States  in  1902  over  four  million  pounds  of  graphite 
were  mined,  and  over  thirty-two  million  pounds  were  imported. 

Molten  iron  and  other  metals  dissolve  carbon,  and  when  thetnelalE 
cool  the  carbon  crystalUzes  as  graphite.  Moissan  incidentally  obtained 
considerable  graphite  in  making  diamonds.  Artificial  graphite  is  now 
manufactured  by  heating  coal  in  an  electric  furnace  (see  Chapter  X). 

Amorphous  Carbon  is  a  broad  term,  including  all  vari- 
eties of  coal  and  charcoal,  lampblack,  and  gas  carbon. 
They  are  the  non-crystalline  forms  of  impure  carbon. 
The  word  amorphous  means  literally  "without  form,"  and 
it  is  often  used  to  designate  soft,  powdery,  and  uncrys- 
tallized  substances. 

Coal  is  a  term  applied  to  several  varieties  of  impure  carbon.  It  may 
be  regarded  as  the  final  product  derived  from  vegetable  matter  which 
was  subjected  to  heat  and  pressure  through  long  geological  periods. 

Ages  ago  the  vegetation  was  exceedingly  dense  and  luxuriant  upoa 
land   slightly  raised  above  the  sea.      In  process  of  time  t'  ' 


tion  decayed,  accumulated,  and  slowly  became  covered  with  sand,  mdi 
and  water.  The  heat  of  the  earth  and  the  enormous  pressure  of  the 
overlying  deposits  changed  the  vegetable  matter  into  more  or  lea 
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mpure  carbon.  This  series  of  geological  and  chemical  changes  was 
-epeated,  and  as  a.  result  we  fiad  in  the  earth  layers  or  seams  of  carbo- 
laceous  matter  varying  in  thickness  and  composition  (Fig,  36),  These 
ire  the  coal  t>eds. 

Coal  beds  contain  proofs  of  their  vegetable  origin,  viz.,  impressions 
sf  vines,  stems,  and  leaves  of  plants,  and  similar  vegetable  substances 


Fig.  27. 


;n  through 


(Fig.  27).     A  thin  section  of  coal  examined  tlirough  a  microscope  re- 
veals a  distinct  vegetable  structure  (Fig.  2S). 

There  are  three  principal  kinds  of  coal,     (i)  Bitumi-   ^ 
nous  or  soft  coal  is  used  to  make  illuminating  gas,  coke, 
and  as  a  fuel  for  steam ;  it  bums  with  a  smoky  flame,  and 
ill  burning  produces  much  volatile  matter.     (2)  Anthra-  /* 
cite  coal  is  hard  and  lustrous.     It  ignites  with  difficulty, 
tiiras  with  little  or  no  flame,  and  produces  an  intense  heat. 
Il  is  used  mainly  for  domestic  purposes, —  headng  and 
fwlcing,  —  especially  in  eastern  United  States.     (3)  Lig-  V 
lite  or  brown  coal  is  the  least  valuable  as  fuel.     It  often 
shows  the  woody  fiber  and  was  probably  formed  much 
'ater  than  the  other  varieties.     Peat,  strictly  speaking,  is  )/ 
lot  coal,  though  it  is  used  as  fuel  in  some  places,  espe- 
|Cially  in  Ireland  and  Holland.     It  is  formed  by  the  slow 
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decay  of  roots  and  other  vegetable  matter  under  water, 
and  represents  an  early  stage  of  coal  formation. 

The  average  composition  of  different  kinds  of  coal  i 
seen  by  the  following  table:  — 


Bituminous . 
Anthradte  . 


50.9 
74-53 
91.64 


20.9 
15-13 
6.89 


Some  anthracite  coals  contain  as  much  as  95  to  99  pc 
cent  of  carbon,  and  some  bituminous  coals  as  little  as  6; 
per  cent.      Peat  and  wood  contain  still  less  carbon,  bu 


more  volatile  matter.  The  volatile  matter  includes  niti 
gen,  hydrogen,  and  sulphur.  These  facts  show  that  ve| 
table  matter,  in  passing  through  the  changes  which  final 
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a  coal,  loses  volatile  matter.  Anthracite  coal,  which 
und  at  different  depths  and  associated  with  rocks  of 
rent  ages,  shows  that  it  was  formed  from  the  bitiimi- 

variety  by  the  great  pressure  caused  by  mountain 
ing.    Hence  it  loses  volatile  matter  and  becomes  hard, 

il  is  widely  distributed  in  ttie  crust  of  the  earth,  but  the  deposits 
II  extent  and  quality.  It  underlies  about  one  sixth  of  the  area  of 
liied  States,  the  anthracite  variety  covering  less  than  five  hundred 
miles  in  eastern  Pennsylvania  (Fig.  29).     The  United  States 

■ads  the  world  in  coal  production, 

ling  about  one  third  of  the  total 
.     England  for  many  years  headed 


,  for  : 


V  furnishe 
1  depwsits  are  extensive 


10). 

ucoal  is  a  variety  of  amor- 

Bgarbon  obtained  by  heating 

Kliones,    ivory,    and    other 

fe  matter  in  closed  vessels, 

'  partially  burning  them   in 

ur.      The    process    consists 

tially  in  driving  off  the  vola- 

matter    and    retaining    the 

n. 

lod    Charcoal    is    a    black, 

i   solid,  and   often   has  the 
of  the  wood  from  which  it 

ide.     It  is  insoluble,  though 

lineral    impurities    may   be    removed    by   acids.      It 

,  without  flame  or  much  smoke,  and  leaves  a  white 

IjThe  compact  varieties  conduct  heat  and  electricity, 
fous  charcoal  is  a  poor  conductor.  It  resists  the 
JOf  many  chemicals;  hence  fence  posts,  telegraph 
■Qd  wooden  piles  are  often  charred  before   being 
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put  into  the  ground.  Most  varieties  are  very  porous,  and 
when  thrown  upon  water  charcoal  floats,  owing  to  the 
presence  of  air  in  its  pores.  Its  porosity  makes  charcoal 
an  excellent  absorber  of  gases,  some  varieties  absorbing 
ninety  times  their  bulk  of  ammonia  gas.  Sewers  and  foul 
places  are  sometimes  purified  by  charcoal.  It  will  also 
absorb  colored  substances  from  solutions.  This  is  espe- 
cially true  of  animal  charcoal  (see  below).  Foul  air  and 
water  may  be  partially  purified  by  charcoal,  which  forms 
the  essential  part  of  many  water  filters  in  houses.  Char- 
coal used  for  such  a  purpose,  however,  must  be  renewed 
or  often  heated  to  redness;  otherwise  it  becomes  clogged 
and  contaminated.  Charcoal  is  never  pure  carbon,  the 
degree  of  purity  depending  upon  the  kind  of  wood  used, 
as  well  as  the  temperature  and  method  employed. 

Besides  the  uses  of  charcoal  mentioned  above,  it  is  used 
as  a  fuel,  in  the  manufacture  of  steel  and  of  gunpowder, 
and  as  a  medicine.  It  reduces  oxides  when  heated  with 
them,  thus  — 

2  CuO      +     C     =  2  Cu  +         CO3 
Copper  Oxide      Carbon      Copper      Carbon  Dioxide 

Wood  charcoal  is  made  either  in  a  charcoal  pit  or  kiln,  or  in  abige 
retort.  Where  wood  is  plentiful,  it  is  loosely  piled  into  the  shape 
shown  in  Figure  31,  and  covered  with  turf  to  prevent  free  access  of  air- 
though  small  holes  are  left  at  the  bottom  and  a  larger  one  at  the  top  of 
a  central  flue,  so  that  sufficient  air  can  pass  through  the  pile.  The 
wood  is  lighted,  and  as  it  slowly  burns  care  is  taken  to  regulate  the 
supply  of  air.  so  that  the  wood  will  smolder  but  not  bum  up.  The 
volatile  matter  escapes  and  charcoal  remains,  the  average  yield  being 
about  20  per  cent  of  the  weight  of  the  wood.  This  method  is  cnide, 
uncertain,  and  wasteful.  Much  charcoal  is  now  made  by  healing 
wood  in  closed  retorts,  no  air  whatever  being  admitted.  By  this 
method,  which  is  called  dry  or  destructive  distillation,  the  yield  of 
charcoal  is  30  per  cent  and  all  the  volatile  matter  is  saved.     In  the 
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ibrdinary  combuslion  of  wood,  the  hydrogen  forms  water  and  the  oxy- 
geu  forms  carbon  dioxide ;  but  in  dry  distillation,  where  no  oxygen  js 
present,  much  of  the  hydrogen  forms  volatile  compounds  with  the  car- 
bon  and  oxygea.    Among  these  volatile  products  are  metbyl  alcohol 


Snd  acetic  add.  These  are  commercial  substances,  and  contribute  to 
the  profit  of  the  process.  More  or  less  charcoal  is  obtained  by  heatin 
any  compound  of  carbon,  e.g.  sugar  or  starch,  the  charring  being  a  test 
for  carbon. 

Animal  Charcoal  or  Bone  Black  is  made  by  heating  bones  in  a  closed 
vessel,  and  by  heating  a  misture  of  blood  and  sodium  carbonate.  It 
contains  only  about  lo  per  cent  of  carbon,  but  this  carbon  is  c 
tributed  throughout  the  porous  mineral  matter  of  the  bone,  which  is 
almost  entirely  calcium  phosphate.  Under  the  name  of  ivory  blacl^ 
animal  charcoal  is  used  as  a  pigment,  especially  In  making  shoe-black- 
ing. It  is  extensively  used  to  remove  the  color  from  sugar  sirups,  oils, 
and  other  liquids  colored  by  organic  matter. 

Coke  is  made  by  expelling  the  volatile  matter  from  soft^^ 
coal,  somewhat  as  charcoal  is  made  from  wood.  It  is  left 
in  the  retorts  when  coal  is  distilled  in  the  manufacture  of 
illuminating  gas.  On  a  large  scale  it  is  made  by  heating 
a  special  grade  of  soft  coal  in  huge  brick  overs,  shaped 
like  a  beehive,  from  which  air  is  excluded  after  combus- 
tion begins.  Sometimes  the  coke  is  made  in  closed  retorts 
constructed  so  as  to  save  the  by-products,  —  ammonia,  tar. 
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little  or 

harmful  in  ihe  iron  iadustries.  Coke 
ne  tenths  of  the  pig  iron  in  the  Unil 
illion  tons  (or  about  three  fourths  of  1 
inually  in  the  Connellsville  district^  ni 


organic  compounds,  and  combustible  gases.  This 
not  only  yields  more  coke,  but  is  also  more  profitable  1: 
cause  the  by-products  are  sold  and  the  combustible  gas 
used  to  heat  the  retorts.  Coke  is  a  grayish,  porous  soli 
harder  and  heavier  than  charcoal.  It  burns  with  no  snioi 
and  a  feeble  fiame.  It  contains  about  90  per  cent  of  ci 
bon,  the  rest  being  the  mineral  matter  originally  in  the  co; 

Immense  quantities  of  cuke  a.re  used  in  the  tnanu&cture  of  iron  a 
steel.     It  is  superior  to  coal  for  this  purpose,  because  it  gives  a  grea 
heat  when  burned,  reduces  oxides  easily,  and 
sulphur  or  other  substam 
the  fuel  used  in  making 
States,  and  over  twelve 
total  amount)   are   made 
Pittsburg,  Pennsylvania. 

Gas  Carbon  is  amorphous  carbon  which  is  gradually  deposited  up 
the  inside  of  the  retorts  used  in  the  manutacture  of  illuminadng  g 
It  is  a  black,  heavy,  hard  solid,  and  is  almost  pure  carbon.  It  is  a  gc 
conductor  of  electricity,  and  is  extensively  used  for  the  manu&cture 
the  carbon  rods  of  electric  lights  and  for  plates  of  electric  batteries. 

Lampblack  is  prepared  by  burning  oil  or  oily  substances  rich 
carbon  in  a  limited  supply  of  air.  The  dense  smoke,  which  is  mai: 
finely  divided  carbon,  is  passed  through  a  series  of  condensing  cha 
bets,  where  it  is  collected  upon  coarse  clcth  or  a  cold  surface, 
formation  is  illustrated  on  a  small  scale  by  a  smoking  lamp,  and  1 
soot  deposited  is  the  same  as  lampblack.  Lampblaclc  is  one  of  < 
purest  forms  of  amorphous  carbon,  and  it  b  used  in  making  printi 
ink  and  certain  black  pdnts. 

Allotropism.  —  Diamond,  graphite,  and  amorphous  ci 
bon,  though  exhibiting  essentially  different  properties,  a 
identical  in  composition.  All  are  carbon.  They  can 
chajiged  into  one  another,  the  amorphous  form  into  grap 
ite  and  finally  into  diamond  and  the  diamond  into  ani( 
phous  carbon.  Each  burns  in  oxygen  and  the  product 
carbon  dioxide.     Furthermore,  the  same  weight  of  eai 
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forms  the  same  weight  of  carbon  dioxide,  i.e.  when  I3 
gm,  of  each  are  burned,  44  gm.  of  carbon  dioxide  are 
always  produced.  There  is  no  doubt  about  their  identity, 
though  no  one  has  explained  it.  The  property  of  assum- 
ing more  than  one  elementary  form  is  called  allotropism 
or  aUotropy  (from  Greek  words  meaning  another  form). 
The  more  uncommon  form  is  called  an  allotrope  or  an 
allotropic  modification  of  the  other.  It  is  believed  by  some 
that  allotropism  is  due  to  a  difference  in  the  number  of 
atoms  in  a  molecule  of  the  element. 


OXIDES   OF    CARBON. 

Carbon  and  Oxygen  do  not  unite  at  the  ordinary  tem- 
perature. But  when  carbon  is  heated  in  air,  in  oxygen,  or 
with  some  oxides,  carbon  dioxide  (CO3)  is  formed ;  if  the 
supply  of  oxygen  is  limited,  then  carbon  monoxide  (CO) 
is  formed. 

Occurrence  and  Formation  of  Carbon  Dioxide.  — The 
occurrence  of  carbon  dioxide  in  the  atmosphere  and  in 
Hiany  natural  waters  has  already  been  mentioned.  It  is 
the  main  product  of  ordinary  combustion,  respiration  of 
Animals,  and  decay.  In  all  these  processes  the  carbon 
Comes  from  organic  matter,  while  the  oxygen  comes  from 
the  air,  from  the  organic  matter,  or  from  both. 

Ordinary  combustion  is  a  chemical  combining  of  carbon 


and 


oxygen. 


Hence,  when  carbon  or  a  substance  contain- 


"ig  it  is  burned,  carbon  dioxide  is  formed.     The  equation 
for  this  change  is  — 

C        +        O3        =         CO3 

Carbon  Oxygen  Carbon  Dioxide 

Carbon  dioxide  is  formed  by  the  combustion  of  such  com- 

"'on  substances  as  wood,  coal,  charcoal,  coke,  oils,  waxes, 


191  Descriptive  Chemistry. 

cotton,  bone,  starch,  sugar,  meat,  bread,  alcohol,  camp 
and  illuminating  gas. 

The  continuous  oxidation  of  the  tissues  in  the  hiin 
body  produces  carbon  dioxide  (see  Relation  of  Oxygen 
Life).  And  if  we  e-xhale  the  breath  through  a  glass  ti 
into  limewater,  the  carbon  dioxide  which  is  in  the  hre 
turns  the  limewater  milky  —  the  usual  test  for  carl 
dioxide.     The  equation  for  the  change  is  — 

COj  +     Ca(OH)a    =  CaCOa  +     t 

Carbon  Dioxide  Limewater  Calcium  Carbonate 

When  vegetable  and  animal  matter  decays,  carl 
dioxide  is  formed.  Many  kinds  o£  organic  matter 
ment,  especially  those  containing  sugar.  By  alcoh 
fermentation  the  sugar  changes  into  carbon  dioxide  1 
alcohol  (see  Alcohol),  thus  — 

)     CgHijOa     =  2C0j         +         2CiHbO 

^      Sugar  Carbon  Dioxide  Alcohol 

The  Preparation  of  Carbon  Dioxide  is  usually  acci 
plished  by  the  interaction  of  a  carbonate  and  an  a 
Calcium  carbonate  (limestone  or  marble)  and  hydrochli 
acid  are  usually  used.  The  operation  may  be  easily  | 
formed  in  any  glass  vessel  by  pouring  the  acid  upon 
carbonate.     The  equation  for  the  chemical  change  is  — 

CaCOg     +     2HCI     -     COj     +     CaClj     +     H,( 

Calcium  Carbon  Calcium 

Carbonate  Dioxide  Chloride 

This  gas  may  also  be  prepared  by  heating  matter  C 
taining  carbon,  or  by  strongly  heating  carbonate 
making  lime),  thus  — 

CaCOa         =  COj         +     CaO 

Calcium  Carbonate        Carbon  Dioxide  Lime 


matter  e 

J 
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Properties  of  Carbon  Dioxide. — This  gas  has  many 
important  properties  besides  those  mentioned  under  The 
Atmosphere.  It  has  a  slight  taste  and  odor,  but  no  color, 
It  is  one  and  a  half  times  heavier  than  air,  and  a  liter 
under  standard  conditions  weighs  1.977  gm.  On  ac- 
count of  its  weight  it  can  be  collected  by  downward  dis- 
placement and  poured  from  one  vessel  to  another.  For 
the  same  reason,  it  is  often  found  at  the  bottom  of  old  or 
deep  wells,  in  some  valleys  near  lime  kilns  or  volcanoes, 
and  in  mines  after  explosions.  At  the  ordinary  tempera- 
ture and  pressure,  water  dissolves  its  own  volume  of 
carbon  dioxide.  Under  increased  pressure  more  gas  dis- 
solves, which  escapes  readily  when  the  pressure  is  re- 
moved. Hence  "soda  water,"  which  is  made  by  forcing 
carboi  dioxide  into  water,  effervesces  and  froths  when 
drawn  from  the  soda  fountain.  Many  natural'waters  and  ■ 
maaufactured  beverages  (such  as  champagne  and  beer) 
sparkle  and  effervesce  for  the  same  reason.  This  gas  can 
^  readily  liquefied  by  subjecting  it  to  a  moderately  low 
temperature.  It  was  first  liquefied  by  Faraday  by  the 
method  used  for  chlorine.  Liquid  carboa  dioxide  is  now 
"lade  in  large  quantities  by  forcing  the  gas  into  steel 
cyliuders  by  powerful  pumps,  the  gas  being  obtained  in 
many  cases  from  the  fermenting  vats  of  breweries, 
when  liquid  carbon  dioxide  is  allowed  to  escape  into 
'ue  air,  a  portion  evaporates  quiclily  and  thereby  with- 
'Jraws  heat  from  the  remainder;  if  sufficiently  cooled,  it 
''Ccoraes  white,  snowlike,  solid  carbon  dioxide.  The  latter 
'3  Used  to  produce  low  temperatures;  a  paste  of  ether 
snd  solid  carbon  dioxide  has  a  temperature  of  —  80°  C. 
Carbon  dioxide  extinguishes  burning  objects,  such  as  a 
'^'azing  stick  or  lighted  candle;  indeed,  air  containing 
from  2.5  to  4  per  cent  of  carbon  dioxide  will  extinguish 
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small  flames.  Hence,  the  gas  is  often  used  to  extinguish 
fires.  Many  small  fire  extinguishers  contain  sodium  car- 
bonate and  sulphuric  acid,  so  arranged  that  when  desired*  I 
carbon  dioxide  gas  may  be  generated  within  them  under  i 
pressure  and  force  a  stream  of  water  upon  a  small  blaze, 
thus  often  preventing  a  serious  fire.  In  chemical  engines 
the  carbon  dioxide,  which  is  similarly  generated,  forces 
ater  from  the  tank. 

Relation  of  Carbon  Dioxide  to  Life.  —  Animals  die  when 
\  put  into  carbon  dioxide.  It  cuts  off  the  supply  of  oxygen 
as  water  does  from  a  drowning  man.  The  presence  of  a 
small  quantity  in  the  air  is  objectionable,  since  it  is  said  to 
produce  headache  and  drowsiness;  but  much  of  the  dis- 
comfort felt  in  badly  ventilated  rooms  and  attributed  to 
carbon  dioxide  is  doubtless  due  to  water  vapor  and  to 
poisonous  substances  produced  from  the  organic  mat- 
ter exhaled  from  the  lungs.  On  the  other  hand,  carbon 
dioxide  is  an  essential  food  of  plants.  Through  their 
leaves  and  other  green  parts  they  absorb  carbon  dioxide 
from  the  atmosphere,  decompose  it,  reject  the  oxygen,  and 
store  up  the  carbon  in  the  form  of  starch.  The  sunlight 
and  the  green  coloring  matter  aid  the  plant  in  manufac- 
turing its  food  out  of  the  water  (obtained  through  the  roots 
from  the  soil)  and  the  carbon  of  the  carbon  dioxide  oIj- 
tained  from  air.  Plants  thus  serve  to  keep  the  atmosphere 
free  from  an  excess  of  carbon  dioxide,  the  proportion 
present  in  the  air  being  very  small  and  practically  con- 
stant 

Carbonic  Acid.  —  Carbon  dioxide  gas  is  often  called  carbonic  acid  gu, 
or  simply  carbonic  acid.  It  is  believed  that  carbon  dioxide,  when  passri 
into  water,  combines  with  the  water  and  forms  a  weak,  unstable  acid, 
which  is,  strictly  speaking,  carbonic  acid.  The  equation  for  tUi 
change  is  — 
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CO2    +    HgO    =    HaCOg 
Carbon  Dioxide  Carbonic  Acid 

Such  a  solution  reddens  blue  litmus  and  decolorizes  pink  phenolphthal- 
eiD>  Carbonic  acid  has  never  been  obtained  free,  and  is  so  unstable 
that  it  easily  breaks  up  by  gentle  heat  into  carbon  dioxide  and  water, 
thus— 

HgCOg  =  CO2  +  HgO. 

Carbon  dioxide  is  sometimes  called  carbonic  anhydride,  to  denote  its 
relation  to  the  acid. 

Carbonates   are    salts    corresponding  to  the   unstable    y 
carbonic  acid.      They  are  stable  compounds.     The  most     \ 
abundant  natural  carbonates  are  those  of  calcium,  magne- 
sium, and  iron.     Immense  quantities  of  sodium  and  potas- 
sium carbonates  are  manufactured. 

A  few  carbonates  are  formed  by  direct  combination  of  an  oxide  and 
carbon  dioxide,  but  most  of  them  are  formed  by  passing  carbon  dioxide 
liito  the  corresponding  hydroxide,  thus  — 

CO2     +  Ca(0H)2         =  CaCOg  +     HgO 

Caldum  Hydroxide    Calcium  Carbonate 

Many  carbonates  are  insoluble  in  water,  e.g.  calcium  carbonate,  the 
test  for  carbon  dioxide  depending  upon  this  fact.  Others,  e.g.  sodium 
and  potassium  carbonate,  are  very  soluble.  There  are  two  classes  of 
:arbonates,  the  normal  and  the  acid.  Normal  sodium  carbonate  is 
^fa2C03,  and  acid  sodium  carbonate  is  HNaCOg.  The  latter  is  often 
ailed  sodium  bicarbonate.  Normal  calcium  carbonate  is  CaCOg,  and 
idd  calcium  carbonate  is  H2Ca(C03)2 ;  the  latter  is  unstable,  and  is 
lasily  decomposed  by  heat  into  normal  calcium  carbonate. 

Composition  of  Carbon  Dioxide. — If  a  known  weight  of  pure  car- 
ion,  such  as  diamond  or  graphite,  is  burned  in  oxygen,  it  is  found  that 
3r  12  parts  of  carbon  used  there  are  44  parts  of  carbon  dioxide  formed. 
lence  12  parts  of  carbon  unite  with  32  parts  of  oxygen.  The  vapor 
[ensity  of  the  gas  is  22,  and  the  molecular  weight  must  be  44.  These 
]x±s  necessitate  the  formula  CO2. 
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History  of  Carbon  Dioxide. — This  gas  was  described  ir 
leenth  century  by  Van  iielmont,  who  called  it  gas  sylvestre.  \ 
jirepared  it  by  the  interaction  of  acids  and  carbonates,  detected  it 
mineral  water,  and  observed  its  formation  during  combustion  and  I 
mentation,  as  well  as  its  action  on  animals  and  dames.  Black,  in  17 
showed  tliat  carbon  dioxide  is  essentially  different  from  ordinaryairz 
that  the  gas  is  readily  obtained  from  magnesium  and  calcium  carbonat 
Since  the  gas  was  combined  or  •'  fixed  "  in  these  substances,  he  ca! 
the  gas  fixed  air.  His  work  was  verified  in  1774  by  Bergman,  b 
called  the  gas  add  of  air.  Lavoisier  first  proved  it  to  be  an  oxide 
carbon. 


Carbon  Monoxide  is  formed  ^ 
limited  supply  of  air,  thus  — 

Carbon  Oxygen 


'hen  carbon  is  burnei 


■JCO 

Carbon  Monoxide 

r  heated  charcoal,  tl 


.  carl 
chas 


If  carbon  dioxide  is  passed  c 

uct  is  carbon  monoxide.  That  is,  carbon  reduces  carl 
dioxide  to  carbon  monoxide,  the  equation  for  the  chan 
being  — 

CO2         +         C         =         2  CO 

Carbon  Monoxide  I 
This  chemical  change  takes  place  in  every  coal  fire, 
oxygen  of  the  air  entering  the  bottom  of  the  fire  unites  w 
the  carbon  to  form  carbon  dioxide ;  the  latter  gas  in  passi 
through  the  hot  carbon  of  the  fire  is  reduced  to  carl 
monoxide.  Some  of  the  carbon  monoxide  escapes  J 
some  burns  with  a  flickering  bluish  flame  on  the  top 
the  fire. 

If  ateam  is  passed  over  red-hot  coke  or  charcoal,  a  mixture  of  car 
monoxide  and  hydrogen  is  produced.  This  mixture  enriched  by  m 
from  oils  is  known  as  water  gas  (see  Water  Gas) . 

Carbon  monoxide  is  usually  prepared  by  gently  heat 
a  mixture  of  oxalic  acid  and  sulphuric  acid  in  a  flask,  : 
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collecting  the  gaseous  product  over  water.     The  oxalic  acid 
decomposes  thus  — 

C2H2O4     =  CO  +         CO2         +       HgO 

Oxalic  Add  Carbon  Monoxide  Carbon  Dioxide 

The  carbon  dioxide  may  be  removed  by  passing  the  mixed 
gases  through  a  solution  of  sodium  hydroxide. 

Carbon  monoxide  is  a  gas  without  color,  odor,  or  taste,  and 
is  only  slightly  soluble  in  water.  It  burns  with  a  bluish 
flame,  forming  carbon  dioxide,  thus  — 

2  CO  +  Oa  =         2CO2 

Carbon  Monoxide  Carbon  Dioxide 

Carbon  monoxide  is  extremely  poisonous,  and  it  is  doubly 

dangerous  because  its  lack  of  odor  prevents  its  detection  in 

time  to  escape  its  stupefying  effect.     Many  deaths  have 

been  caused  by  breathing  air  containing  it.     Carbon  mo- 

iioxide  forms  a  compound  with  one  of  the  constituents  of 

the  blood,  and  those  who  have  been  poisoned  by  it  cannot 

Usually  be  revived,  as  in  the  case  of  suffocation  by  carbon 

dioxide.     It  is  a  constituent  of  ordinary  illuminating  gas, 

^nd  care  should  always  be  taken  to  prevent  the  escape  of 

illuminating  gas  (as  well  as  the  gas  from  a  coal  stove  or 

furnace)  into  rooms  occupied  by  human  beings.    At  a  high 

temperature  carbon  monoxide  readily  reduces  oxides,  and 

it  is,  therefore,  an  important  agent  in  the  reduction  of  iron 

Dres  in  the  blast  furnace.   This  action  might  be  represented 

:hus  — 

FegOg      +  3  CO  =    2  Fe    +         3  CO2 

ron  Oxide  Carbon  Monoxide  Iron  Carbon  Dioxide 

Carbon  monoxide,  which  is  sometimes  called  carbonic  oxide,  forms  no 
cid  and  therefore  no  salts.  It  does  not  make  limewater  milky,  thus 
eing  readily  distinguished  from  carbon  dioxide.     Its  blue  flame  dis- 
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linguishes  it  from  all  other  gases  which  burn.     It  unites  directly  "' 
chlorine  to  form  carbonyl  chloride  (phosgene,  COClj),  and  nith  soaiC  I 
metals,  forming  metallic  carbonyla,  i.g.  nickel  carbonyl  (Ni(CO)^). 

Cyanogen  is  a  compound  of  carbon  and  nitrogen  having 
the  composition  corresponding  to  tiie  formula  (CN)3.    I*^ 
is  a  colorless  gas,  has  the  odor  of  peach  kernels,  is  exceei— 
ingly  poisonous,  and  burns  with  a  purplish  flame.     It  ma^/" 
be    prepared    by   heating    mercuric    cyanide   (Hg(CN)2)- 
Cyanogen  is  a  radical,  and  in  compounds  it  acts  like  a«r» 
element.     Its  corresponding  acid  is  hydrocyanic  or  pm^- 
sic  acid  (HCN).       This  acid  is  prepared  by   heating  ^ 
cyanide  with  sulphuric  acid,  just  as  hydrochJoric  acid  is 
obtained  from  a  chloride.     The  solution  smells  like  peact" 
kernels,  and  is  one  of  the  most  deadly  of  all  known  poisotis- 
Potassium  cyanide  (KCN)  is  a  deliquescent  solid.     It  is 
a  deadly  poison.      Large  quantities  are  used  in  gold  amJ 
silver  plating  and  in  the  "cyanide  process"  of  extracting 
gold  from  its  ores,  as  described  under  that  metal.     Other 
cyanogen  compounds  are  cyanic  acid  (CNOH),  sulpbo- 
cyanic    acid    (CNSH),    and    potassium    sulphocyanate 
(CNSK).      The  last  is  a   white,   crystallized   salt,  which 
produces  a  beautiful  red  solution  when  added  to  certaiD 
soluble  iron   compounds,  and  is  therefore  used  to  detect 
this  metal.     Salts  of  complex  acids  related  to  hydrocyanic 
acid  are  used  in  dyeing,  many  being  prepared  from  the 
most  common  one  —  potassium  ferrocyanide  or   yellow 
-  prussiate  of  potash.     They  will  be  described  in  the  chap- 
ter on  Iron. 

EXERCISES. 

I.   What  is  the  symbol  and  atomic  weight  of  carbon? 

3.   In  what  forms  does  free  carbon  occur  in  nature?     Name  ten  famil- 
iar solids,  three  liquids,  and  two  gases  containing  carbon.    What  o 
portion  of  the  earth's  crust  is  carbon? 
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.  What  b  diamood?  How  could  the  correctness  of  your  anawei 
a?     State  (a)  the  source,   (*)  the  properties,  and  (c)  the  uses 
diainoiids.     Give  a  brief  accoiml  of  one  or  more  famous  diamonds. 

4.  What  is  graphite?  What  is  its  chemical  relation  to  diamond, 
and  how  could  this  relation  be  proved?  State  (a)  the  source,  (i)  the 
properties,  and  (t)  the  uses  of  native  graphite. 

5.  What  is  (a)  black  lead,  {&)  plumbago,  (0  hort,  (d)  carbonado, 
(f)  native  graphite,  (/J  artificial  graphite? 

6.  Give  a  brief  account  of  the  mani:&cture  of  lead  pencils.  What 
is  the  literal-meaning  of  graphite? 

7.  Review  artificial  graphite  (see  Chapter  X). 

8.  What  does  the  term  amorphous  carbon  include?  Does  the  car- 
bon in  these  impure  forms  differ  chemically  from  diamond  and  graphite? 

9.  How  was  coal  formed?  Give  several  proofs  of  its  origin.  State 
t^e  properties  and  uses  of  («)  bituminous  coal,  (*)  anthradte  coal,  and 
(^)  lignite.  What  besides  carbon  does  it  contain?  Where  is  coal 
found? 

10.   What  is  charcoal  f     State  (a)  the  properties,  and  (i)  the  uses  of 

\  *PDd  charcoal.    Give  a  brief  account  of  botli  methods  of  preparing  wood 

larcoal.    State  the  preparation,  properties,  and  uses  of  animal  charcoal. 

.   What  is  coke?     How   is  it  made?     What  are  its  properties? 

is  it  related  to  the  iron  industries? 

12.   What  is  gas  carbon?     What  is  its  source?     State  its  properties 

J3,  What  b  lampblack?  State  its  method  >/f  preparation,  properties, 
ind  uses. 

14.  Define  and  illustrate  {a)  amorphous,  and  (fi)  allotropism. 

15.  Develop  the  topics ;  (a)  carbon  is  a  reducing  agent,  (fi)  carbon 
monoxide  is  a  reducing  agent,  (ir)  diamond,  graphite,  and  pure  amor- 
phous carbon  illustrate  allotropism. 

16.  What  is  (a)  hard  coal,  (i)  soft  coal,  (f)  peat,  (rf)  boneblack, 
{e)  soot,  (/)  lampblack,  (^)  lignite.  (Ji)  electric  light  carbon? 

17.  Give  the  names  and  formulas  of  the  two  oxides  of  carbon.  How' 
b  each  formed  from  carbon  and  oxygen? 

18.  Describe  the  occurrence  and  formation  of  carbon  dioiide.  What 
is  always  obtained  by  burning  a  substance  containing  carbon?  Give 
the  simplest  equation  for  this  chemical  change. 

19.  Describe  fully  the  action  of  carbon  dioxide  on  limewaler.  Give 
the  equation  for  the  ri 
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20.  What  is  the  relation  of  carbon  dioxide  to  (j)  respiration,  (i)  fer- 
mentation of  sugar,  (c)  decay,  (d)  making  lime? 

21.  What  is  the  test  for  (a)  carbon,  (ij  carbon  monoxide,  (e)  car- 
bon dioxide  f 

22.  Describe  the  usual  method  of  preparing  carbon  dioxide.  Cif^ 
the  equation  for  the  reaction.     Stale  its  properties. 

23.  Describe  liquid  and  solid  carbon  dioxide.  How  are  they  pre — 
pared?    For  what  are  they  used? 

24.  Wtiat  is  the  relation  of  carbon  dioxide  to  animal  aiul  to  ploik-C 
life? 

25.  State  fully  the  relation  of  carbon  dioxide  to  the  unstable  adc^ 
HjCOg.  Give  the  equations  for  the  formation  and  decoraposition  0:^ 
this  acid. 

26.  What  are  carbonates?  Name  three.  How  are  they  formed 
What  are  their  properties  ? 

27.  What  is  (a)  "soda  water,"  (i)  carbonated  water,  (t)  carboni-^ 
acid,  (if)  carbonic  oxide,  (e)  carbonic  anhydride,  (/)  limestone  0^^ 
marble? 

28.  What  is  the  difference  between  (n)  sodium  carbonate  and  so<Kur^» 
bicarbonate,  and  (/>)  calcium  carbonate  and  acid  calcium  carbonate? 

29.  Why  is  (it)  CO3  the  formula  of  carbon  dioxide,  and  (6)  CO  o* 
carbon  monoxide? 

30.  State  briefly  the  history  of  carbon  dioxide. 

31.  Give  a  brief  account  of  (a)  Black,  (i)  Van  Helmont,  »ad 
(c)  Bergman. 

33.  Illustrate  the  law  of  multiple  proportions  by  the  oxides  of 
carbon. 

33.  Give  the  equations  for  (a)  the  oxidation  of  carbon  to  rarbcm 
monoxide,  (6)  the  reduction  of  carbon  dioxide  to  carbon  inonoiddc. 

34.  How  is  carbon  monoxide  (a)  formed,  and  (*)  usually  prepared  f 

35.  What  is  the  relation  of  carbon  monoxide  to  water  gas? 

36.  What  are  the  properties  of  carbon  monoxide?  1 

37.  Illustrate  Gay-Lussac's  law  by  the  combustion  of  cariion  mo- 
noxide (2  CO  +  O;  =  2  CO^) . 

3S.  Illuminating  gas,  water  gas,  and  the  gas  which  escapes  fmra  a 
coal  fire  are  poisonous.    Why? 

3g.  What  is  cyanogen?  Hydrocyanic  acid?  Describe  potassium 
cyanide.  For  what  is  it  used?  Describe  ootassium  sulphocyanate. 
State  its  chief  use. 
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4.0.  The  specific  gravity  of  charcoal  b  about  1.5.    Why  does  it  float 

water? 
41.   How  can  carbon  monoxide  and  carbon  dioxide  be  changed  into 
^b  other? 

^^2,  Review  (<7)  combustion,  (d)  solution  of  gases  (especially  carbon 
>xide)  in  water,  (c)  respiration. 

43.  State  and  explain  the  various  chemical  changes  which  occur  from 
e  entrance  of  oxygen  (in  the  air)  below  the  grate  of  a  red-hot  coal 
e  to  the  end  of  the  burning  of  the  carbon  monoxide  at  the  top  of  the 


PROBLEMS. 

1.  How  many  grams  of  calcium  carbonate  are  needed  to  prepare 
»2  gm.  of  carbon  dioxide  ? 

2.  What  weight  of  carbon  burned  in  air  will  produce  11  gm.  of 
»i*l)on  dioxide  ? 

3.  Calculate  the  percentage  composition  of  (a)  calcium  carbonate, 
O  carbon  monoxide,  (c)  carbon  dioxide,  (d)  magnesium  carbonate. 

4.  What  per  cent  of  carbon  (by  weight)  is  contained  in  carbon 
Monoxide  and  in  carbon  dioxide  ? 

5.  If  20  gm.  of  carbon  are  heated  in  the  presence  of  44  gm.  of 
^tbon  dioxide,  (a)  what  weight  of  carbon  monoxide  is  formed,  and  (d) 
^hsLt  weight,  if  any,  of  carbon  remains  ? 

6.  How  many  liters  of  carbon  dioxide  must  be  passed  over  red-hot 
-Wcoal  to  yield  84  gm.  of  carbon  monoxide  ? 

7.  How  much  carbon  dioxide  (a)  by  weight  and  (d)  by  volume  is 
in  the  air  of  a  room  6  m.  long,  4  m.  wide,  and  3  m.  high,  if  there  is 
[  vol.  of  carbon  dioxide  in  1000  vol.  of  air  ? 

8.  What  weight  of  water  must  be  decomposed  to  furnish  enough 
ixygen  to  form  (with  pure  carbon)  44  gm.  of  carbon  dioxide  ? 

9.  How  many  grams  of  calcium  carbonate  will  produce  15  1.  of 
arbon  dioxide  ? 

10.   If  a  piece  of  pure  graphite  weighing  7  gm.  is  burned  in  oxygen, 
'hat  volume  of  carbon  dioxide  is  formed  ? 
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CHAPTER  XV. 

HYDROCARBONS  —  METHANE  —  ETHYLENE  —  ACETYLEBE 
—  ILLUMINATING  GAS  — FLAME  — BUNSEN  BURNER- 
OXIDIZING  AND  REDUCING  FLAMES. 

Hydrocarbons  are  compounds  of  carbon  and  hydrogen. 
They  number  about  two  hundred,  and  their  properties 
vary  between  wide  limits.  They  are  found  in  petroleum 
and  its  products  (kerosene,  naphtha,  lubricating  oils,  par- 
affin wax,  etc.),  in  coal  tar,  in  coal  gas  and  natural  gas, 
and  in  some  essential  oils,  such  as  turpentine.  On  a  large 
scale  they  are  prepared  by  the  destructive  distillation  of 
petroleum,  wood,  coal,  and  coal  tar.  Indirectly  the  hydro- 
carbons are  the  source  of  many  other  compounds  of  car- 
bon, which  are  extensively  used  in  numerous  industries. 

The  existence  of  so  many  hydrocarbons  is  due  to  the  fact  that  atoms 
of  carbon  have  power  to  unite  with  themseives.  This  property  gives 
rise  to  compounds  wliich  form  natural  groups  or  series.  Simple  rela- 
tions exist  between  many  hydrocarbons,  especially  between  members 
of  the  same  series.  The  consecutive  members  of  a  series  differ  in  com- 
position by  CH^-  Thus,  in  the  methane  Beriea,  methane  is  CHj  and 
ethane  is  C^Hj ;  in  the  ethylene  aeries,  ethylene  is  C^H,  and  propylene 
is  CgHj;  in  the  acetylene  series,  acetylene  is  QH,  and  allylene  is 
CjH, ;  and  in  the  benzene  aeries,  benzene  is  C^Hu  ajid  toluene  is  C,I^ 
These  series  are  called  homologoUB  aeries- 

Methane  is  found  in  coal  mines,  being  a  gaseous  prod- 
uct of  the  processes  which  changed  vegetable  matter 
into  coal.  It  is  called  fire  damp  by  miners.  It  is  also 
formed  in  marshy  places  by  the  decay  of  vegetable  matter 
under  water,  and  is  therefore  often  called  marsh   gas. 


Methane. 
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It  is  a  constituent  of  natural  gas  and  petroleum,  and  forms 
a  large  proportion  of  the  illuminating  gas  obtained  by 
heating  coal. 

Methane  is  usually  prepared  in  the  laboratory  by  heating  a  mixture 
of  sodium  acetate,  sodiutu  hydroxide,  and  qu'.cklime  ia  a  hard  glass  or 
metal  vessel,  and  collecdng  the  gaseous  product  over  water.  It  may 
also  be  prepared  by  the  interaction  of  aluminium  carbide  and  water, 
thus  — 

H^      +  4AICOH), 

ane         Aluuiinium  Hydroxide 

Methane  has  no  color,  taste,  or  odor.  It  burns  with  a 
pale,  luminous  flame.  A  mixture  of  methane  with  oxygen 
or  air  explodes  violently  when  ignited  by  a  spark  or  flame. 
Terrible  disasters  occur  in  coal  mines  from  this  cause.  The 
products  of  the  explosion  are  carbon  dioxide  and  water, 
thus—    CH,     +     2  0a     =  CO3         +2H2O 

Methane        Oxygea        Carbon  Dioxide        Water 
The  carbon  dioxide,  called  choke  damp  or  black  damp  by 
the    miners,  often  suffocates  those  who  escape  from  the 
explosion. 

Other  members  of  the  methane  series  are  ethane  (CjHg),  propane 
(CgHg),  butane  (C,H|o).  This  series  is  also  called  the  paraffin  series, 
on  account  of  the  chemical  indifference  of  its  members.  It  has  the 
genera!  formula  CnHjn  +  j.  Butane  and  the  succeeding  fifteen  or 
twenty  members  are  liquids,  and  the  highest  members  are  solids. 

Chlorine  and  hydrocarbons  interact,  that  is,  chlorine  replaces  hydro- 
gen, atom  for  atom.     Thus  — 

CH^    +    aa  =      CH5CI       +    Ha 

Methane  Chlorme  thane 

This  chemical  change  is  called  BubBtitution,  and  illustrates  one  of  the 
methods  used  in  preparing  derivatives  of  carbon  known  as  substitutloa 
products.  The  paraffins  are  saturated  hydrocarbons.  This  meana 
that  the  carbon  in  them  is  saturated,  so  to  speak,  with  hydrogen,  and 
has  DO  tendency  to  unite  directly  with  more  atoms  of  hydrogen  or 
Qther  ekments. 
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Ethylene  or  olefiant  gas  is  formed  by  the  destructive 
distillation  of  wood  and  coal.  It  is  usually  prepared  by 
heating  a  mixture  of  concentrated  sulphuric  acid  and  ethyl 
alcohol,  and  collecting  the  gas  over  water.  The  alcohol 
decomposes  into  ethylene  and  water,  the  latter  being  ab- 
sorbed by  the  sulphuric  acid.  The  essential  change  is 
represented  thus  — 


CaHgO     =     QH^     +     H3O 
Alcohol  Ethylene 


1 

pro-    I 


Ethylene  is  a  colorless  gas,  and  has  a  pleasant  odor, 
can  be  condensed  to  a  liquid,  which  by  evaporation 
duces  a  temperature  as  low  as  —  140°  C.     It  bums  with  a 
bright,  yellow  flame,  and  is  one  of  the  illuminating  constit- 
uents of  coal  gas.     When  ethylene  burns,  the  complete 
combustion  is  represented  thus  — 


CjH,     +     3  O3     =         2  CO2        +2  H3O 

Ethylene  Carbon  Dioxide  Water 


1 


If  mixed  with  oxygen  in  this  proportion  and  ignited,  the 
mixture  explodes. 

Other  numbers  of  thia  aeries  are  propylene  (CjHj)  and  butylene 
(C^Hg).  These  are  unsaturated  hydrocarbons.  Unlike  ihe  paraffins, 
they  form  addition  products  by  uniting  directly  with  other  substaj 
especially  chlorine,  thus  — 


Ci,H,     +     CI,    =  CsHPa 

Ethylene  Ethylene  Chloride 


bstanoes, 

1 


Ethylene  chloride  is  one  of  the  two  dichlorethanes ;  they  have  the 
same  percentage  composition,  molecular  weight,  and  formula  (CjH,Clj), 
but  are  very  different  compounds.  Tliey  illustrate  isomerism  and  arc 
catted  isomers.  TEiis  Itind  of  isomerism  is  called  metamerism.  Tbe 
difference  in  properties  is  believed  to  be  due  to  a  different  arrangement 
of  the  atoms  in  the  molecules.  Isomerism  occurs  frequeatly  a 
carbon  compounds. 
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^^icetylene  is  formed  by  the  direct  union  of  hydrogen 
and  carbon  when  an  electric  arc  is  produced  between  two 
carbon  rods  in  hydrogen  gas.  This  method  of  formation, 
though  not  convenient,  is  interesting,  because  no  other  hy- 
drocarbon has  as  yet  been  directly  built  up  from  its  elements. 
A  small  quantity  is  present  in  coal  gas.  It  is  also  formed 
by  the  incomplete  combustion  of  coal  gas,  e.g.  when  the 
flame  of  a  Bunsen  burner  strikes  back  and  burns  at  the 
base  (see  Bunsen  Burner).  Acetylene  is  now  prepared 
cheaply  on  a  large  scale  by  treating  calcium  carbide  with 
water,  thus  — 

CaCa       +     2HaO     ==     C^Hj     +     Ca(OH)a 
Caidum  Carbide  Acetylene 

Acetylene  is  a  colorless  gas,  and,  if  impure,  has  an  offen- 
sive odor.  It  is  poisonous  if  breathed  in  large  quantities, 
but  much  less  dangerous  than  gases  containing  carbon 
monoxide.  It  is  lighter  than  air,  its  density  being  about 
0.93.  Water  at  the  ordinary  temperature  dissolves  its  own 
volume  of  the  gas.  Reliable  tests  show  that  acetylene 
does  not  act  upon  any  common  metal  or  alloy,  though  it 
forms  explosive  compounds  with  salts  of  metals,  especially 
copper.  As  a  precaution,  copper  and  brass  are  seldom 
used  in  large  vessels  containing  or  generating  acetylene, 
though  they  might  be  safely  used  on  small  vessels  like 
bicycle  lamps. 

If  acetylene  gas  is  cooled  below  35°  C,  It  can  be  readily  lique- 
fied. Cylinders  of  liquid  acetylene  have  exploded,  causing  loss  of  life 
and  destruction  of  property,  and  its  use  in  this  form  has  been  pro- 
hibited in  some  localilies.  Under  ordinary  atmospheric  conditions 
acetylene  will  not  explode.  If  compressed,  it  will  explode  when  a 
spark  or  flame  is  brought  near  it.  A  mixture  of  acetylene  and  air,  if 
ignited,  explodes.  The  mixture  lo  be  explosive,  however,  must  con- 
^^B^a  very  large  per  cent  of  acetylene  gas  (a  condition  hardly  posiiible 
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except  from  sheer  carelessness),  because 


disagreeable  o 
be  used  with  the  same  precau- 


ii 


the  presence  of  the  gas.    Acetyli 
tioQ  as  any  other  illuminating  gas. 

Acetylene  is  found  by  analysis  to  contain  only  carbon  and  hydrogen 
combined  in  the  ratio  of  12  to  i  by  weight.  Its  vapor  density  is  13. 
Therefore  its  molecular  weight  must  be  26  and  its  formula  CjHj. 

Acetylene  is  an  unsaturated  hydrocarbon,  and  like  ethylene  combines 
directly  with  bromine,  hydrogen,  and  other  dements.  When  passed 
into  silver  or  copper  solutions,  it  forms  explosive  compounds  called 
acetylides  (e^.  AgjCj  and  CujC^).  Heated  to  a  high  temperature,  it 
changes  into  other  hydrocarbons,  one  being  benzene,  thus- 
3CjHs  =  CjHg 
Acetylene  Beiuene 

At  a  very  high  temperature  (about  800°  C.)  it  decomposes  Into  catbofiP 
and  hydrogen.  The  change  of  acetylene  into  benzene  illustrates  po- 
lymerism.  Polymers  have  the  same  peicentage  composition,  but 
different  molecular  weights  (see  Isomerism). 

Acetylene  as  an  niuminant,  —  Acetylene  bums  in  thff 
air  witli  a  luminous,  smoky  flame.  But  when  air  is  mixed 
with  the  gas  as  the  latter 
issues  from  a  small  opening, 
the  mixture  bums  with  a- 
brilliant,  white  flame,  whicb, 
does  not  smoke.  It  is  grad- 
ually coming  into  use  as  an 
illuminant.  The  flame  is 
almost  like  sunlight,  hence 
by  the  acetylene  flame  most 
colors  appear  the  same  as  in 
daylight.  It  is  also  adapted 
(One  half  actual  for  taking  photogxaphs,  since 
its  action  closely  resembles 
that  of  the  sun.  It  is  a  diffusive  light,  and  the  flame  is 
much  smaller  than  an  ordinary  gas  flame  of  the  i 
lighting  power  (Fig,  32), 


of  light.    The  ; 


«.) 


Petroleum. 


207 


I  a  proper  burner  the  combustion  o£  acetylene  is 
lete,  and  may  be  represented  thus  — 
zCaHa     +     5  Oj     =        4C0a 


Lcetylec 


Oxygea        Carbon  Dioxide 


2HaO 

Water 


Fig.  34. 


In  most  acetylene  burners  the  gas  Issues  from  two 
small  holes  drilled  at  an  angle,  so  that  the  jets  strike 
each  other  and  produce  a  flat  flame 
(Fig.    33).       Other     holes,    properly 
located,  permit  air  to  be  drawn  in 
mechanically  by   the   acetylene   as   it 
rushes  through  the  burner.     The  open- 
ings for  the  mixture  are  so  fine  that 
the  flame  cannot  strike  back  and  c; 
an  explosion  (Fig.  34). 
leration  of  Acetylene.  —  The  ease  with  which  acetylene  is  gener- 
n  be  shown  by  putting  a  little  water  in  a  lest  tube  and  then  drop- 
s  of  calcium  carbide.     The  gas  bubbles  through  the 
ction  has  proceeded  long  enough  to  expel  the  air, 
e  may  be  lighted  by  holding  a  burning  match  at  the  mouth 
rabe.     On  a  larger  scale,  the  gas  can  be  generated  by  putting  the 
n  carbide  into  a  flask  provided  with  a  dropping  funnel  and  de- 
tube,  and  allowing  water  to  drop  slowly  upon  the  carbide;  the 
@  generated  can  be  collected  in  bottles  over  water.     There  are 
3  of  commercial  generators.     In  one,  water  is  added  to  the 
^bide,  but  in  the  other  the  carbide  drops  into  the  water.    The 
sat  liberated  when  calcium  carbide  interacts  with  water  de- 
cetylene ;  hence,  a  generator  to  be  effective  and  safe  should 
istructed  so  that  this  heat  will  be  absorbed.    The  first  class  of 
.tors  is  dangerous,  except  when  a  small  quantity  of  gas  is  desired, 
plecture  table  or  in  a  bicycle  lantern.     In  the  second  class,  a 
t  of  calcium  carbide  drops  automatically  into  a  large  vol- 
r  as  fast  as  the  gas  is  needed,  thus  insuring  a  pure,  cool 
biminating  the  danger  of  an  explosion.    A  pound  of  calcium 
fclds  about  five  cubic  feet  of  acetylene  gas. 
Letun  is  the  source  of  many  useful  hydrocarbons. 
toily  liquid  obtained  from  the  earth  in  many  parts 
Brorld.     In  the  United  States  the  chief  locahtles  are 
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Ohio,  New  York,  Pennsylvania,  West  Virginia,  Kentucky, 
Indiana,  Colorado,  Texas,  and  California.  The  immense 
deposits  in  Russia  are  in  the  Baku  district  on  the  Caspian 
Sea.  Some  is  also  found  in  Canada,  India,  Japan,  and 
Austria. 

Crude  petroleum  is  an  oily  liquid,  with  an  unpleasant 
odor.  Its  color  varies  from  straw  to  greenish  black,  and 
most  kinds  are  greenish  in  reflected  light.  It  usually  floats 
upon  water.  Its  composition  is  complex,  but  all  varieties 
are  essentially  mixtures  of  many  hydrocarbons.  Ameri- 
can oils  contain  chiefly  members  of  the  paraffin  series. 
Some  varieties  contain  compounds  of  nitrogen  and  of 
sulphur. 

In  some  localitlea  the  oil  issues  from  the  earth,  but  it  is  usually  nece»' 
sary  to  drill  through  rocks  and  insert  a  pipe  into  the  porous  rock 
containing  oil.  At  first  the  oil  often  "shoots"  out  of  the  well  in 
tremendous  volumes,  owing  to  the  pressure  of  the  confined  gas,  but 
after  a  time  a  pump  is  needed  to  draw  it  to  the  surface.  The  oil  is  then 
forced  by  powerful  pumps  through  large  pipes  to  central  points  for 
storage  or  for  delivery  to  reiineriea,  which  are  often  many  miles  from 
the  oil  well.  This  networli  of  pipes  in  the  eastern  United  States  b  over 
25,000  miles  long. 

Some  crude  petroleum  is  used  in  making  water  gas  (see 
below),  and  as  fuel  on  locomotives  and  steamships,  but 
most  of  it  is  separated  into  various  commercial  products, 
This  process,  which  also  involves  purification,  is  called  re- 
fining. The  petroleum  is  distilled  in  huge  iron  vessels, 
and  the  vapors  are  condensed  as  they  pass  through  coileil 
pipes  immersed  in  cold  water.  Certain  products  are  oV 
tained  from  the  residue  left  in  the  still. 

The  different  distillates,  which  are  collected  in  separate  tanks,  art 
further  separated  and  purified  by  redistillation.  The  commercial 
products  obtained  from  the  lirsl  distillation  are  cymogene,  rhigolent 
gasolene,  npnlitha,  benzine,  and  kerosene.     These  liquids  are  miitura 
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Several  different  hydrocarbons.  They  are  widely  used  as  solvents, 
lels,  and  in  making  gas. 

Kerosene  is  the  well-known  illuminating  oil.  Being  the  most  valu- 
ble  product  from  petroleum,  it  is  very  carefully  freed  from  inflammable 
quids  and  gases,  which  might  cause  an  explosion,  and  from  tarry 
miter  and  semi-solid  hydrocarbons,  which  would  dog  the  wicks  of 
imps.  This  is  done  by  agitating  it  successively  with  sulphuric  add, 
odiom  hydroxide,  and  water.  Commercial  kerosene  must  have  a  legal 
liBhing  point.  This  is  "the  temperature  at  which  the  oil  gives  oif 
iitffident  Tapor  to  form  a  momentary  flash  when  a  small  flame  is 
>rought  near  its  surface."  The  legal  flashing  point  varies  in  different 
ucalilies  from  44"  to  68"  C. 

From  the  residuum  left  in  Ihe  still  after  the  first  distillation  many 
itades  of  lubricating  oil,  vaseline,  and  paraffin  wax  are  obtained 
'y  fiirther  treatment.  Mineral  lubricating  oils  have  largely  replaced 
iniraal  and  vegetable  oils.  Vaseline  finds  extensive  use  as  an  ointment. 
ParafEn  wax  is  used  to  make  candles,  to  water-proof  paper,  to  extract 
'ils  from  plants  and  flowers,  and  as  a  coating  for  many  substances, 
liereby  producing  a  smooth  surface  or  facilitating  slow  combustion  (as 
1  parlor  matches}.  The  final  residue  is  coke.  Hydrocarbons  are 
'ften  extracted  from  it,  some  is  made  into  electric  light  carbons,  and 
orne  is  used  as  a  fuel. 

Thb  vast  industry  yields  over  two  hundred  different  commercial 
iroducts,  many  of  them  being  indispensable  to  the  comfort  and  con- 
fflience  of  mankind.  The  United  States  produces  annually  over 
50,000,000  barrels  of  crude  petroleum. 

The  Origin  of  Petroleum  is  doubtful.  Some  think  it  was  produced 
f  the  decomposition  or  slow  distillation  of  plants  and  animals, 
iecentiy  it  has  been  suggested  that  it  resulted  from  the  interaction  of 
ater  and  metallic  carbides,  especially  iron  carbide,  at  great  depths. 

Natural  Gas  is  a  combustible  gas,  which  issues  from  the 
arth  in  many  places.  Methane  is  the  principal  constituent 
t  the  mixture.  It  is  used  as  a  fuel  for  heating  houses, 
enerating  steam,  and  manufacturing  iron,  steel,  glass, 
rick,  and  pottery. 

In  Ohio,  Indiana,  and  other  gas-producing  regions  of  the  United 
lates,  wells,  like  petroleum  wells,  are  drilled  for  the  escape  of  natural 


Descriptive  Chemistry. 


gas,  which  is  distributed  to 
used  for  illuminating  gas. 
United  States,  the  annual  prodi 


through  pipes  similar  to 

quantities  are  consumed  ii 

being  valued  at  over  f20,ooo,ocx 


niumiDating  Gas.  —  Besides  acetylene  there  are  other 
kinds  of  illuminating  gas.  Coal  gas  and  water  gas  are  the 
most  common. 

Coal  Gas  is  made  by  distilling  bituminous  coal  and  puri- 
fyiiig  the  volatile  product.  The  hydrogen  in  the  coal 
passes  off  partly  as  free  hydrogen,  and  partly  in  combina- 
tion with  carbon  as  hydrocarbons,  and  with  nitrogen  as 
ammonia.  The  ammonia,  carbon  dioxide,  and  sulphur 
compounds  are  regarded  as  impurities,  and  are  removed 
before  the  gas  is  sent  to  the  consumer.  The  essential 
parts  of  a  coal-gas  plant  are  shown  in  Figure  35. 

The  coal  is  distilled  in  o-shaped  retorts,  made  of  fire  day  and 
about  eight  feet  long.  Six  or  more  retorts  are  arranged  in  tiers  fbm'- 
ing  a  group  or  bench,  so  that  all  the  fetorls  of  a  bench  can  he  heateii 
by  a  single  fire  —  usually  of  coke.  Several  benches  placed  end  to  tti 
constitute  a  stack.  The  retorts  are  heated  red  hot,  and  about  two  hun- 
dred pounds  of  coal  are  evenly  distributed  on  the  bottom  of  each  retort 
with  a  long  iron  scoop,  and  the  mouth  is  quickly  and  tightiy  dosed  by 
an  iron  lid.  The  distillation  continues  from  four  to  six  hours,  duriii|[ 
which  the  temperature  often  reaches  1200°  C.  The  lid  is  then  removed, 
the  red-hot  coke  is  pushed  or  raked  out,  and  another  charge  of  coal  is 
quickly  introduced.  The  coke  is  quenched  with  water  to  prevent  fur- 
ther combustion.    Some  of  it  is  used  for  heating  the  retorts,  but  a  part 

The  volatile  products  pass  firom  each  retort  up  through  a  standpipf, 
down  the  dip  pipe,  and  bubble  through  wafer  into  the  hydranlic  nui"' 
This  is  a  horizontal,  half-round  pipe  eKtending  the  whole  length  of  lli" 
stack.  Here  some  of  the  tar  is  deposited  and  ammonium  compouodJ 
r  which  flows  constantly  through  the  msi"' 
ame  level  and  acts  as  a  "  seal "  to  prevent  ibt 
to  the  retorts.     The  ammoniacal  liquor  an^ 


are  dissolved  by  the  wate 
This  water  is  kept  at  the  s 
gas  from  passing  back  in 
tar  flow  into  a  tar  well. 
From  the  hydraulic  m; 


in  the  gas  which  is  hot  and  impure  { 
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into  the  condenser.  This  is  a  series  of  vertical  iron  pipes,  several 
hundred  feet  long.  They  are  connected  at  the  top,  but  they  open  it 
the  bottom  into  a  series  of  boxes  so  constructed  that  the  gas  must  pass 
through  the  entire  length  of  the  pipes,  while  the  tar  and  ammoniad 
liquor  flow  into  the  tar  well.  The  main  object  of  the  condenser  is  B 
cool  the  gas  slowly  and  condense  and  remove  the  tar. 

An  exhauster,  in  most  plants,  draws  or  forces  the  gus  from  the 
hydraulic  main  through  the  condenser  iato  the  scrubber  and  onward 
through  the  purifiers  into  the  gas  holder.  The  exhauster  also  reduMS 
the  pressure  in  the  retorts  and  regulates  the  pressure  in  the  holder  (see 
below) . 

The  scrubber  is  a  washing  machiae.  Its  purpose  is  to  removi 
remaining  ammonia,  part  of  the  carbon  dioxide,  aod  hydrogen  sulphide 
gas,  and  the  last  traces  of  tar.  Scrubbers  vary  in  construction.  One 
form  is  a  double  tower  fiUed  with  wooden  slats  or  with  trays  covered 
with  coke  or  pebbles  over  which  amtnoniacal  liquor  slowly  trickles  in 
the  first  part  and  pure  water  in  the  second.  The  gas  enters  at  the 
bottom,  meets  the  descending  liquid,  and  is  thoroughly  washed. 
Another  form  widely  used  consists  of  a  cylindrical  vessel  in  wbidl 
numerous  wooden  slats  revolve  in  compartments  and  dip  into  am- 
moniacai  liquor  or  water  at  the  bottom.  The  liquid  forms  a  film  on 
the  slats  and  absorbs  the  ammonia  and  other  gases,  while  the  resulting 
solution  mixes  with  liquor  at  the  bottom  and  flows  into  the  proper  well. 
Sometimes  a  separate  tar  extractor  is  connected  with  the  scrubber, 
This  is  a  tower  tilled  with  perforated  plates,  wiiich  catch  and  remove 
the  tar  mechanically  as  the  gas 
parses  through  into  the  scrubber. 
From  the  scrubber  the  gas 
passes  into  the  purifiers.  Their 
chief  purpose  is  to  remove  the 
remaining  carbon  dioxide  and  sul- 
phur compounds.  They  are  shal- 
low, rectangular  iron  boxes  provided  with  slat  frames  loosely  covered 
with  lime  (Fig-  36).  In  some  plants  iron  oxide  is  used  as  the  purifying 
material. 

The  purified  gas  next  passes  through  a  large  meter,  which  records 
its  volume,  into  a  gas  holder.  The  holder  is  an  enormous,  cylindrical, 
iron  tank  in  which  the  gas  is  stored.  Itfloats  in  a  ci.item  of  water,aad 
rises  or  falls  as  the  gas  enters  or  leaves.     Weights  and  the  pressure 
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^Rn  the  esbauster  so  balance  it  that  it  exerts  just  enough  pressure  to 
force  the  gas  through  the  pipes  to  the  consumer. 

A  ton  of  good  coal  yields  about  lo.ooo  cubic  feet  of  gas,  1400  pounds 
oFcolie,  120  pounds  of  tiir,  20  gallons  of  am  maniacal  liquor,  and  a  vary- 
ing amount  of  gas  carbon.  The  coke  is  a  valuable  fuel  and  finds  a 
ready  sale.  The  tar,  or  coal  tar  as  it  is  often  called,  collected  from  the 
hydraulic  main  and  condenser,  is  a  thick,  black,  foul-smelling  liquid, 
it  was  formerly  thrown  away.  Some  is  used  for  preserving  timber, 
malting  tarred  paper  and  concrete,  and  as  a  protective  paint.  Most  of 
il  is  now  separated  by  distiUation  into  its  more  important  constituents, 
especially  benzene  (C^Hj) .     These  carbon  compounds  and  their  numer- 

I  oils  detivadves  appear  in  commerce  as  oils,  medicines,  dyestutfs,  flavors, 
pctfames,  and  other  useful  products.  The  ammoniacal  liquor  from  the 
hydraulic  main,  condenser,  and  scrubber  is  the  source  of  ammonia  and 
Its  compounds.  Gas  carbon  is  the  hard  deposit  which  collects  on  the 
'iMide  of  the  retort,  and  is  used  in  the  electrical  industries  (see  Gas 
Carbon).  The  sale  of  these  by-products  reduces  the  cost  of  making 
the  coal  gas. 

Water  Gas  is  made  by  forcing  steam  through  a  mass  of 
red-hot  coal  and  mixing  the  gaseous  product  with  hot  gases 
obtained  from  oil.  The  essential  parts  of  the  apparatus 
are  shown  in  Figure  37. 

Air  is  forced  through  the  coal  iire  in  the  generator,  and  the  hot 
gases  which  are  produced  pass  down  the  carbureter,  up  into  the  auper- 
beater,  and  escape  through  its  top  into  the  open  air.  This  operation 
lasts  about  four  minutes,  and  is  called  the  "blow."  It  heats  the  lire 
brick  inside  the  carburetor  and  superheater  intensely  hot,  air  often  being 
forced  in  to  raise  the  temperature.  The  air  valves  and  the  top  of  the 
superheater  are  now  closed,  and  the  "run"  begins,  which  lasts  about 
six  minutes.  Steam  is  forced  into  the  generator  at  the  bottom.  In 
passing  through  the  mass  of  incandescent  carbon  the  steam  and  carbon 
interact  thus  — 

II         C         -F       HjO     =  CO  -)-  Hj 

■  Carbon  Steam      Carbon  Monoxide  Hydrogen 

Ba  mixture  of  hydrogen  and  carbon  monoxide  burns  with  a  feeble 
e,  and  before  it  can  be  used  as  an  illuminating  gas  it  must  be 
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iriched  with  gases  which  are  illuminants.  Therefore,  the"  mixed  gases 
iss  to  the  top  of  the  carburetor,  where  they  meet  a  spray  of  oil.  And 
the  gaseous  mixture  passes  down  the  carburetor  and  up  the  super- 
later,  the  hydrocarbons  of  the  oil  are  transformed  by  the  intense  heat 
to  hydrocarbons  that  do  not  liquefy  when  the  gas  is  cooled.  The  ad- 
tion  of  hydrocarbons  is  called  carbureting.  From  the  superheater 
e  water  gas  passes  through  the  purifying  apparatus  into  a  holder. 

Water  gas  is  seldom  burned  alone,  but  is  usually  mixed 
ith  60  or  70  per  cent  of  coal  gas.  This  mixture  is  popu- 
rly called  "illuminating  gas."  Owing  to  the  high  percen- 
Lge  of  carbon  monoxide,  water  gas  and  gases  containing 
are  poisonous. 

Characteristics  of  Illuminating  Gases.  —  Both  coal  gas 
nd  water  gas  have  a  disagreeable  odor.  They  are  mix- 
ires  having  a  composition  which  varies  with  the  coal 
sed,  the  temperature  reached,  and  the  degree  of  purifica- 
on  attained.     The  following  table  shows  the  average  — 

Composition  of  Illuminating  Gases. 


Constituents. 

Coal  Gas. 

Water  Gas. 

larshgas 

thylene  (and  other  illuminants) 

hydrogen 

arbon  monoxide 

arbon  dioxide 

itrogen 

34.5 
5.0 

49.0 

7.2 

I.I 

3-2 

19.8 
16.6 
32.1 
26.1 

3-0 
2.4 

Both  kinds  of  illuminating  gas  may  contain  a  little  oxygen,  and 
ices  of  ammonia  and  hydrogen  sulphide  gases.  Nitrogen  and  the 
5t  portions  of  carbon  dioxide  are  impurities  not  easily  removed, 
irsh  gas,  hydrogen,  and  carbon  monoxide  burn  with  a  feeble  (non- 
Uow)  flame,  and  are  often  called  diluents ;  they  furnish  heat,  but  no 
ht. 
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The  luminosity  of  illuminating  gas  depends  mainlj 
upon  the  presence  of  hydrocarbons  containing  a  relatively 
large  proportion  of  carbon.  Acetylene  gas,  which  gives 
such  a  brilliant  light,  consists  almost  wholly  of  this  hydro- 
carbon containing  90  per  cent  of  carbon.  The  most  im- 
portant illumioants  in  coal  gas  and  water  gas  are  ethylene 
and  similar  hydrocarbons,  acetylene,  and  benzene  (C5H5). 

The  coinmerda!  value  of  an  illuminating  gas  depends  upon  its  illu- 
minating power.  Thb  property  is  measured  by  a  photometer  and  is 
expressed  in  ■■  candles."  The  determination  is  made  by  comparing  the 
light  produced  by  burning  the  gaa  in  a  standard  burner  at  the  rate  of 
five  cubic  feet  an  hour  with  the  light  produced  by  a  staodard  waji  candle 
burning  at  the  rate  of  no  grains  (7-77  gm.)  an  hour.  If  the  gas  flame 
is  ao  times  brighter  than  Ihe  candle  flame,  then  the  candle  power  of  the 
gas  is  20.  The  candle  power  of  ordinary  coal  gas  is  about  17,  and 
that  of  water  gas  is  about  2;,  Ordinary  illuminating  gas  has  a  candle 
power  of  about  20,  since  it  is  usually  a  mixture  of  coal  gas  and  niits 
gas. 

Flame.  — A  flame  is  a  mass  of  burning  gas.  Ordinarily 
it  is  gas  combining  chemically  with  the  oxygen  of  the  air. 
In  the  illuminating  gas  flame  the  gas  itself  is  burning  ui 
the  air.  In  a  lamp  flame  the  gas  which  burns  comes  from 
the  oil  which  is  drawn  up  the  wick  by  capillary  attractbn, 
and  then  volatilized  by  the  heat.  Similarly,  in  a  candle 
flame  the  burning  gas  comes  from  the  melted  wax.  The 
flame  produced  by  roost  burning  hydrocarbons  is  yellowlsll 
white. 

The  hydrocarbon  flame  has  several  distinct  parts,  though 
the  structure  of  the  flame  is  essentially  the  same,  whether 
produced  by  burning  illuminating  gas,  kerosene  oil,  or  can- 
dle wax.  The  candle  flame  may  be  taken  as  the  type.  An 
examination  of  the  enlarged  vertical  section  shown  in  Fig- 
ure 38  reveals  four  somewhat  conical  portions,  ( i )  Around 
the  wick  there  is  a  black  cone  {A),  filled  with  combustible 
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Kes  formed  from  the  melted  wax.  They  do  not  burn  be- 
cause no  oxygen  is  present.  With  a  glass  tube  of  fine 
bore  it  is  possible  to  draw  off  these  gases 
from  a  large  flame  and  light  them  at  the 
upper  end  of  the  tube.  (2)  Around  the 
lower  part  of  the  dark  cone  is  a  faint  bluish 
cup-shaped  part(5,  B).  It  is  the  lower  por- 
tion of  the  exterior  cone  where  complete 
combustion  of  the  gases  occurs,  since  plenty 
of  oxygen  from  the  air  reaches  this  portion. 
(3)  Above  the  dark  cone  is  the  luminous 
portion  (C).  It  is  the  largest  and  most 
important  part  of  the  flame.  It  is  popu- 
larly spoken  of  as  "the  flame."  Combus-  fig.  38.— Candle 
tion  is  incomplete  here,  because  little  or  no 
oxygen  can  pass  through  the  exterior  cone.  The  tempera- 
ture is  high,  however,  and  the  hydrocarbons  undergo 
complex  changes.  Acetylene  is  probably  formed.  The 
most  characteristic  change  is  the  liberation  of  small  par- 
ticles of  carbon.  This  liberated  carbon  heated  to  incan- 
descence by  the  burning  gases  makes  the  flame  luminous. 
The  carbon  glows  but  does  not  burn  up,  because  little  or 
no  oxygen  is  present.  A  crayon  or  glass  rod  held  in  this 
part  of  the  flame  is  at  once  coated  with  soot,  which  consists 
of  fine  particles  of  carbon.  (4")  The  exterior  cone  {D,  D)\& 
almost  invisible.  Here  combustion  is  complete,  because 
the  oxygen  of  the  air  changes  all  the  carbon  into  carbon 
dioxide.      That   this   is   the   hottest  region 

Omay  be  easily  shown  by  pressing  a  piece  of 
stiff  white  paper  for  an  instant  down  upon 
the  flame  almost  to  the  wick.     The  paper 
F1G.39-— Papec  ,fj\\\  be  charred  by  the  outer  part  of  the 
die  fllme.  flame,  as  shown  in  Figure  39. 
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These  four  portions  may  be  found  in  all  luminous  hyJrocarbos 
flames,  whatever  the  shape.  An  ordinary  gas  flame  is  flattened  by  forc- 
ing the  gas  flame  through  a  narrow  slit  In  the  burner,  so  that  the  fiame 
will  give  more  light.  The  blue  part  is  easily  seen,  however,  when  the 
gas  flame  is  turned  low  or  looked  at  through  a  small  opening ;  the  dark 
and  yellow  parts  are  always  visible  —  the  latter  being  intentionally  en- 
larged. The  flat  or  circular  flame  of  an  oil  lamp  likewise  presents  the 
same  characteristics. 

The  gaseous  products  of  the  combustion  of  hydrocarbons 
are  water  vapor  and  carbon  dioxide.  A  bottle  in  which  a 
candle  is  burning  has,  at  first,  a  deposit  of  tnoisture  on  the 
inside ;  and  if  the  candle  is  removed  and  Hmewater  added, 
the  presence  of  carbon  dioxide  is  shown  by  the  milkiness  of 
the  limewater.  The  oxygen  needed  by  the  burning  hydro- 
carbons is  obtained  from  the  air.  If  not  enough  oxygen  is 
present,  the  flame  smokes,  i.e.  the  carbon  is  thrown  off  into 
the  air  before  the  particles  are  heated  hot  enough  to  glow. 
All  oil  lamps  are  so  constructed  that  air  enters  the  burner 
below  the  ilame.  Large  oil  lamps  have  a  central  opening 
through  which  a  large  volume  of  air  passes  up  inside  the 
circular  flame.  Otherwise  the  lamp  would  bum  with  a 
very  smoky  flame. 

The  luminosify  of  hydrocarbon  flames  is  afiected  by  other  thiogl 
besides  the  presence  of  glowing  carbon.  One  of  these  is  temperature. 
Gases  cooled  before  being  burned  give  poor  light.  A  candle  flame  may 
be  cooled  enough  to  extinguish  it.  Thus,  If  a  coil  of  copper  wire  li 
lowered  upon  a  candle  flame,  the  flame  smokes,  loses  its  yellow  ColoTi 
and  flnallv  goes  out ;  but  if  a  coil  of  hot  wire  is  used,  the  flame  barns 
unchanged.  Cases,  as  well  as  solids  and  liquids,  have  a  kindling  tem- 
perattire.  i.e.  a  temperature  to  which  they  must  be  heated  before  they 
"  catch  fire."  This  temperature  differs  vrilh  different  substances.  As 
we  lower  the  temperature  of  gases  burning  with  a  luminous  flame,  theit 
luminosity  decreases,  and  below  their  kindling  point  they  will  not  bum. 
The  density  of  the  gases  in  the  flame  and  of  the  atmosphere  itself  like- 
modifies  luminosity.  A  candle  flame  was  found  by  expenment 
the  top  of  Mont  Blanc  than  at  the  base.  ~ 
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i?ot  all  flames  are  luminous.  The  hydrogen  flame  U  almost  in»isible, 
and  the  flames  of  carboo  monoxide  and  methane  are  a  faint  blue.  These 
flames  yield  no  solid  particles  of  carbon,  but  only  gaseous  products.  The 
u-lunninoua  flame  is  the  Bunsea  flame. 


The  Bunsen  Burner  and  its  Flame.  —  When  illuminat- 
ing gas  is  mixed  with  air  before  burning,  and  the  mixture 
burned  in  a  suitable  burner,  a  flame  is  produced  which  is 
non-luminous  and  very  hot.  The 
temperature  of  the  hottest  part  is 
about  I500°C.  This  flame  deposits 
no  carbon,  since  its  products  are 
entirely  gaseous.  Such  a  flame  is 
called  the  Bunsen  flame,  because 
it  is  produced  in  a  burner  devised 
by  the  German  chemist  Bunsen, 
This  burner  is  constantly  used  in 
chemical  laboratories  as  a  source 
of  heat,  and  modified  forms  have 
numerous  uses.  One  form,  for 
example,  furnishes  the  heat  in  the 
gas  range  used  for  cooking.  The 
parts  of  an  ordinary  Bunsen  burner 
are  shown  in  Figure  40.  The  gas 
enters  the  base  and  escapes  through 
a  very  small  opening  into  the  long 
tube,  which  screws  down  upon  this 
opening.  At  the  lower  end  of  the  ^"^-  ^~^^^ 
long   tube   there   are    two    holes, 

through  which  air  is  drawn  by  the  gas  as  it  rushes  out  of 
the  small  opening.  The  gas  and  air  mix  as  they  rise  in  the 
tube,  and  this  mixture  of  air  and  gas  burns  at  the  top  of 
the  long  tube.  The  size  of  the  air  holes  at  the  bottom  of 
the  long  tube  may  be  changed  by  a  movable  ring,  thus 
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varying  the  volume  of  the  entering  air.  When  the  holes 
are  open,  the  typical  colorless,  hot  Bunsen  flame  is  formed. 
The  combustion  of  the  hydrocarbons  is  practically  com- 
plete. They  burn  up  before  particles  of  carbon  are 
liberated,  thus  making  the  flame  non-luminous  and  free 
from  soot.  Apparatus  heated  by  this  flame  is  not  black- 
ened. The  Bunsen  flame  may  be  made  momentarily 
luminous  by  shaking  or  blowing  fine  particles  into  the 
flame,  —  such  as  powdered  charcoal  dust,  finely  divided 
metals,  and  sodium  compounds. 

It  was  formerly  believed  that  the  non-luminous  character  of  the 
Bunsen  flame  is  solely  due  to  the  complete  combustion  of  the  carbon  bj 
the  oxygen  of  the  entering  air.  Recent  experiments  have  shown,  how- 
ever, that  the  result  is  partly  due  to  the  diluting  action  of  the  nitrogen. 
The  gas  burns  at  top  of  the  tube  and  not  inside,  because  the  proper 
mixture  of  gas  and  air  flows  out  more  quickly  than  the  flame  can  travel 
back.  If  the  gas  supply  is  slowly  decreased,  the  flame  becomes  smalki 
and  finally  disappears  with  a  slight  explosion.  This  change  is  called 
"striking  back."  It  is  due  to  the  fact  that  the  tube  contains  an  explo- 
sive mixture  of  air  and  illuminating  gas,  through  which  the  flame  travels 
fester  than  the  mixture  escapes  from  the  tube.  This  explosion  illus- 
trates in  a  small  way  what  often  happens  when  a  mixture  of  air  and 
illuminating  gas  is  ignited.  Sometimes  the  flame  is  not  extinguished, 
but  burns  within  (and  sometimes  without)  the  tube.  This  flame  has  a 
pale  color,  a  disagreeable  odor,  and  deposits  soot. 

The  Bunsen  flame  has  many  characteristic  properties. 
Its  color  is  bluish,  and  the  different  cones  have  different 
colors.  There  are  really  three  cones:  (i)  the  blue  or 
greenish  inner  one  of  unbumed  gases;  (2)  the  very  faint 
blue  middle  one ;  {3)  and  the  outer  one,  which  is  pale  blue, 
and  represents  the  blue  cone  in  the  candle  flame.  The 
middle  and  outer  cones  are  not  always  easily  distinguished; 
and  for  all  practical  purposes  it  is  convenient  to  divide  the 
flame  into  two  parts,  —  an  inner  cone  of  unbumed  gases 
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1  oater  cone  in  which  all  the  carbon  is  consumed, 
lustible  gases  may  be  drawn  off  by  a  tube  from  the 

cone  and  ignited.  A  match  laid  for  an  instant  across 
:op  of  the  tube  is 
ed  only  at  the  two 
s  where  it  touches 
juter  cone ;  and  a 
ur  match  suspended 

pin  across  the  top 
n   unlighted    burner 

t    kindled    when    the     f""-  4i.-The  effects  of  wire  g^me  on  a 

is  first  lighted.  A 
of  wire  gauze  pressed  down  upon  the  flame  shows 
'k  central  portion  surrounded  by  a  luminous  ring, 
flame  is  beneath  the  gauze,  although  the  gas  passes 
'  through  it  and  escapes.  If  the  gas  is  extinguished 
hen  relighted  above  the  gauze,  it  will  bum  above 
ot  beneath  (Fig.  41).  The  gauze  cools  the  gas  below 
its  kindling  temperature. 

The  miner's  safety  lamp  invsnted  by  Davy  depends 
upon  this  last  principle.  It  Is  an  oil  lamp  surrounded 
by  a  cylinder  of  fine  wire  gauze  (Fig,  42).  When 
taken  into  a  mine  where  there  are  explosive  gases  (fire 
damp),  the  flame  continues  to  bum  inside,  though  its 
size  and  color  change.  The  gas  often  enters  the  lamp 
and  bums  inside,  but  the  flame  within  does  not  ignite 
the  gases  without  because  the  wire  gauze  keeps  them 
cooled  below  their  kindling  temperature.  Hence  an 
explosion  is  often  prevented.  When  miners  notice 
changes  in  the  lamp  fiarae,  they  usually  seek  a  safe 
^One     place. 

Oxidizing  and  Reducing  Flames.  —  The 
jrtion  of  the  Bunsen  flame  is  called  the  oxidizing 
Kcause  here  the  oxygen   is  freely  given  to  sub- 
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The  inner  portion  is  called  the  reducing  flames 

because  here  the  hydrocarbons  withdraw— 

oxygen.    A  sketch  of  the  general  relation* 

,         of  these  flames  is  shown  in  Figure  43.    /"^ 

is  the  most  effective  part  of  the  oxidizin^^ 

flame,  and  B  of  the  reducing  flame.     A.  " 

A  A  metals  are  oxidized,  and  at  B  oxygerrrr 

■ft"  "  °       compounds  are  reduced. 

W  Sometimes  a  long  tube  with  a  small  opeain^^ 

■  at  one  end,  called  a  blowpipe,  i.s  used  to  produo^ 

tliese  flames.     A  lube  with  a  flattened  top  is  p>^* 
inside  the  burner  tube  to  produce  a.  luminous  fl 
The  tip  of  the  blowpipe  rests 
in  or  near  this  flame,  and  if 
air  is  gently  and  continuously 
blown  through  the  blowpipe, 
a  long,  slender  flame  is  pro- 
duced,   called    a    blowpipe 
flame  (Fig.  44).     Ii 
the  Bunsen  flame  a 
its    oxidising   and    reducing 

properties  are  concerned.     The  blowpipe  Is  us^^ 
in   the   laboratory  and   by  jewelers   and  miner^U- 
ogists.     On  a  large  scale  the  blowpipe  flame  is  used  to  reduce  or  oxidase 
and  to  melt  refractory  substances  (see  Compound  Blowpipe). 
The  Bunsen  fiame  has  recently  been  utilized  in  producing  the  Woto- 
bach  light.    The  non-luminous  flame  heals  a  conical  mantle  of  oiides 
of  thorium  and  cerium,  and  the  mantle  glows  with  an  intense  light.   TJie 
candle  power  varies  from  40  to  100.    This  form  of  burner  is  widely  u»«l    . 
because  it  produces  a  brilliant  light. 


Fiu.  44.  — Blowpi^^ 
flame,  showing  iiiiriM  . 
ing  (A)  and  tedudBCa 
\B)  parts. 


EXEKCI8ES. 

1.  What  are  hydrocarbons?     Where  are  they  found f     Name  SM-    I 
eral  familiar  substances  containing  hydrocarbons. 

2.  Are  there  many  hydrocarbons?     Wliy? 

3.  What  is  an  homologous  series  of  hydrocarbons?     Nanie  four 
such  series. 
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4.  What  is  methane  ?  What  other  names  has  It  ?  Where  is  it 
fovind  ?  How  is  it  usually  prepared  ?  State  its  essential  properties. 
^A^liy  is  it  a  dangerous  gas  ?    Illustrate  your  answer  by  an  equation. 

5.  What  other  name  has  the  methane  series  ?  Why  ?  Illustrate 
tHe  following  terms  by  the  paraffin  series :  (^a)  substitution,  (d)  substi- 
tutdon  product,  (c)  saturated  hydrocarbon. 

6.  What  is  ethylene  ?  How  is  it  prepared  ?  Where  is  it  found  ? 
State  its  properties.  Give  the  equation  expressing  the  combustion  of 
ethylene. 

7.  Illustrate  the  following  terms  by  the  ethylene  series :  (a)  unsatu- 
rated hydrocarbon,  (d)  addition  product,  (^)  isomerism,  (/i)  metamer- 
ism, (e)  isomer. 

8.  Review  the  subject  of  calcium  carbide  (see  Chapter  X) . 

9.  What  is  acetylene  ?  How  is  it  formed  ?  How  is  it  prepared  ? 
Give  the  equation  for  the  reaction.  Summarize  the  properties  of  acety- 
lene. 

10.  Illustrate  the  following  terms  by  acetylene:   (a)  polymerism, 
C^)  polymer,  (c)  unsaturated  hydrocarbon. 

11.  Describe  the  acetylene  (a)  flame,  (d)  burner,  and  (c)  generator, 
^^bat  precautions  must  be  observed  in  using  acetylene  as  an  illuminant? 

12.  What  is  (a)  choke  damp,  (d)  black  damp,  (c)  marsh  gas, 
C^)  defiant  gas  ? 

13.  What  is  the  formula  of  (a)  methane,  (d)  ethylene,  (c)  benzene  ? 
^Vhy  is  GgHg  the  formula  of  acetylene  ? 

14.  How  many  volumes  of  oxygen  are  needed  for  the  combustion  of 
^ne  volume  of  (a)  methane,  (3)  ethylene,  and  (c)  of  two  volumes  of 
Acetylene  ?  What  volumes  of  what  products  are  formed  in  each  case  ? 
What  law  do  these  relations  illustrate  ? 

15.  What  is  petroleum  ?  Where  is  it  found  ?  Of  what  is  petroleum 
Composed  ?  How  is  it  obtained  from  the  earth  ?  Describe  briefly  the 
'^fining  of  petroleum. 

16.  What  is  kerosene  ?  Describe  its  method  of  preparation.  Define 
^nd  illustrate  the  X^xxsi  flashing  point. 

17*  State  the  uses  of  {a)  gasoline,  (J?)  lubricating  oils,  {c)  vaseline, 
(^)  paraffin  wax. 

18.  What  is  natural  gas  ?  Where  is  it  found  ?  Of  what  is  it  com- 
posed ?    For  what  is  it  used  ? 

1 9.  What  is  coal  gas  ?    Describe  briefly  its  manufecture. 

20.  What  is  coal  tar  ?    What  are  its  uses  ? 
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wax  is  removed,  a  permanent  etching  like  the  design  i^ 
visible.  Glass  is  an  artificial  compound  of  silicon— a 
silicate.  The  corrosive  action  of  hydrofluoric  acid  upon 
glass  is  due  to  the  ease  with  which  the  acid  decomposes 
glass  and  forms  with  the  silicon  a  volatile  compound, 
called  silicon  tetrafluoride  (SiF^).  Since  silicon  dioxide 
(or  sand)  is  the  essential  constituent  of  the  mixture  from 
which  glass  is  made,  the  equation  for  etching  glass  may 
be  written  thus — 

SiOg    +     4HF        =       SiF^      +     zHjO 

Silica  a         Hydrofluoric  Silicon 

Dioxide  Acid  Tetrafluoride 

Scales  on  thermometers  and  on  other  graduated  glass 
instruments  are  etched  with  hydrofluoric  acid. 

The  vapor  density  of  hydrofluoric  acid  gas  indicates  thai  its  formula 
is  HF  at  high  temperature,  but  HjFj  at  lower  temperatures  (30°  C.)' 


Occurrence.  —  Bromine  is  never  found  free  in  nature  on 
account  of  its  chemical  activity.  Bromides  are  widely 
distributed,  especially  magnesium  bromide.  The  salt 
springs  of  Ohio,  West  Virginia,  Pennsylvania,  and  Michi- 
gan, and  the  salt  deposits  at  Stassfurt  in  Germany  furnisli 
the  main  supply  of  the  element.  Sea  water.  Chili  salt- 
peter (NaNOg),  and  certain  seaweeds  contain  a  sniill 
quantity  of  combined  bromine. 

Preparation. —  Bromine  is  obtained  from  its  compounds 
by  treatment  with  chlorine,  or  with  sulphuric  acid  and 
manganese  dioxide.  In  the  laboratory,  bromine  is  pre- 
pared by  heating  potassium  bromide  with  manganese 
dioxide  and  sulphuric  acid  in  a  glass  vessel.  The  bromiW 
is  easily  liberated   as  a  dense,  brown  vapor,  which  often 
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'ondenses  to  a  liquid  and  runs  down  the  walls  of  the 
i^essel.    The  chemical  change  is  represented  thus — 

2KBr+2  H2S04+Mn02=Br2+  MnS04+  K2SO4  +  2  HgO 

Potassium     Sulphuric     Manganese    Bro-     Manganese     Potassium       Water 
Bromide         Acid  Dioxide      mine       Sulphate         Sulphate 

Bromine  is  sometimes  prepared  by  treating  a  bromide  with 
manganese  dioxide  and  hydrochloric  acid. 

The  source  of  commercial  bromine  in  the  United  States  is  "  bittern  " 
^a  concentrated  liquid  left  after  salt  is  crystallized  from  brine.  In  the 
continuous  process  the  hot  bittern  flows  down  a  large  tower  filled  with 
broken  brick  or  burned  clay  balls ;  chlorine  gas  and  steam  forced  in  at 
the  bottom  meet  the  bittern  and  liberate  the  bromine,  which  passes  as  a 
I'apor  out  of  the  top  into  a  condenser.  The  main  chemical  change  is 
•epresented  thus  — 

MgBra  +       CI,        =        Bv^      +  MgClg 

Magnesium  Bromide       Chlorine  Bromine     Magnesium  Chloride 

^  the  periodic  process,  used  chiefly  in  the  United  States,  a  huge  stone 
'till  is  charged  with  manganese  dioxide,  hot  bittern,  and  sulphuric  acid, 
ittd  heated  by  steam.  The  bromine  distills  into  a  condenser,  as  in  the 
)ther  process.     Sometimes  potassium  chlorate  is  used  as  the  oxidizing 

igent. 

Properties. —  Bromine  is  a  heavy,  reddish  brown  liquid 
It  the  ordinary  temperature.  Its  specific  gravity  is  about 
hree.  It  is  a  volatile  liquid,  boiling  at  about  59°  C.  The 
'apor,  which  is  given  off  freely,  has  a  disagreeable,  suffo- 
ating  odor.  This  property  suggested  the  name  bromine 
from  the  Greek  word  bromos,  a  stench).  It  is  poisonous, 
nd  bums  the  flesh  frightfully.  Bromine  is  somewhat 
oluble  in  water.     The  solution,  called  bromine  water,  has 

brown  color,  and  when  cooled  deposits  a  crystalline 
hydrate  (Brg .  10  HgO).  Many  other  properties  of  bromine 
re  similar  to  those  of  chlorine.  Thus,  it  combines  with 
aetals  and  other  elements ;  it  also  bleaches. 
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Compounds  of  Bromine  are  similar  to  those  of  chlorine.  HySnibl^ 
mic  acid(HBr)  is  a  colorless,  pungent  gas,  which  fumes  in  the  airaoii 
dissolves  freely  in  water,  forming  the  solution  usually  called  hydrobroniit 
acid.  Its  other  properties  closely  resemble  those  of  hydrochloric  add. 
Bromides  are  salts  of  hydrobromic  acid,  though  many  are  formed  bj 
direct  combination  with  bromine.  Like  the  chlorides,  most  brotnidES 
dissolve  in  water.  Potassium  bromide  (KBr)  is  a  white  solid,  made  by 
decomposing  iron  bromide  with  potassium  carbonate.  It  is  used  ejttn- 
sively  as  a  medicine  and  in  photography  (in  preparing  silver  bromide 
plates  and  tilms).  Bromides  of  sodium,  ammonium,  and  cadmium  iiave 
a  limited  use. 

/  Miscellaneous.  —  Bromine  itself  is  used  to  make  potassium  broffliile 
and  other  compounds,  especially  a  class  of  coal  lar  dyes  used  to  color  piA 
string  and  to  make  red  ink.  Annually  over  500,000  pounds  of  bropii" 
are  prepared  in  the  United  States,  while  Germany  exports  about  400,000 
pounds  of  bromine,  and  500,000  pounds  of  bromine  compounds. 

Balard  discovered  bromine  in  1826  in  the  mother  liquor  (or  bittcni) 
from  brine.  Liebig  supposed  it  was  chloride  of  iodine,  and  thus  feiled 
to  discover  it,  because,  as  he  said,  he  yielded  to  "  explanations  i"* 
founded  on  experiment." 

IODINE. 

Occurrence.  —  Free  iodine  is  never  found  in  nature,  but 
like  chlorine  and  bromine  it  is  combined  with  metalsi 
especially  sodium,  potassium,  or  magnesium.  It  is  widely 
distributed,  though  the  quantity  in  any  one  place  is  small. 
Tobacco,  water  cress,  cod-liver  oil,  oysters,  and  sponges  con- 
tain minute  quantities.  Native  iodides  of  silver  and  of  mer- 
cury are  found.  The  ash  of  some  seaweeds  contains  from 
0.5  to  1.5  per  cent  of  its  weight  of  iodides  of  sodium  and 
potassium.  Sodium  iodate  (NalOg)  occurs  in  the  deposits 
of  saltpeter  in  Chili,  and  is  the  main  source  of  the  element' 

Preparation.  —  Iodine  is  prepared  in  the  laboratory  by* 
method  similar  to  that  used  for  bromine.  Potassium  iodide, 
manganese  dioxide,  and  sulphuric  acid  are  heated  in  a  glisi 
vessel,  and  the  iodine  appears  as  a  violet  vapor,  which  co» 
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denses  on  the  upper  part  pf  the  vessel  into  dark  grayish 
crystals. 

Oaa  commerdal  scale  iodine  is  prepared  &om  the  ash  of  seaweeds 
and  from  the  moAer  liquors  of  Chili  saltpeter,  (i)  Along  the  coasts 
of  FnDce,  Scotland,  and  Norway  seaweed  is  collected  and  burned, 
usually  in  dosed  vessels.  The  ash  is  called  kelp  or  varec.  The  solu- 
ble portions  are  removed  by  agitation  with  water.  The  filtered  liquid 
IS  fiirther  purified,  and  from  the  final  mother  liquor  in  which  the  iodides 
ate  dissolved,  the  iodine  is  extracted  by  heating  with  sulphuric  acid  and 
foanganese  dioxide.  Sometimes  chlorine  is  used  to  extract  the  iodine. 
Incither  case  the  mother  liquor  and  its  added  ingredients  are  distilled 
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Jf^lly  in  aD  iron  pot  wi^li  a  lead  cover,  which  is  connected  with  two 
fOfts  of  bottle  shaped  condensers  (Fig.  46).  The  iodine,  which  col 
'f'ts  in  these  condensers,  13  purified  by  washing  and  rcsubliming. 
'')  In  another  process  the  mother  liquor  from  the  Chili  saltpeter  is 
"iiwdnith  aad  sodium  sulphite  (HNaSOjj.and  the  precipitated  iodine 

uillected  on  coarhC  cloth,  washed,  dried,  and  then  resublimed,  as 

Jiribed  above. 

i-Qiirtois,  a  French  chemist,  discovered  iodine,  in  1812,  in  an  attempt 
'  [irepare  potassium   nitrate   from  seaweed.      Davy  and   Gay-Lussac 

■ililished  its  elementary  nature  and  discovered  many  of  its  properties. 

■-■  present  name  was  given  by  Davy. 

Properties.  —  Iodine  is  a  dark  grayish  crystalline  soliti, 

Itesembling  graphite  in  luster.  It  crystallizes  in  plates 
*hich  have  the  specific  gravity  4.95.     It  is  volatile  at  the 
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ordinary  temperature,  and  when  gently  heated  the  vaj 
which  is  formed  has  a  beautiful  violet  color,  This  co 
suggested  the  name  iodme  (from  the  Greek  word  ioi 
violetlike).  The  vapor  is  nearly  nine  times  heavier  tl 
au-,  and  has  an  odor  resembling  dilute  chlorine,  though  1 
irritating.  When  the  vapor  is  heated,  its  color  chan 
from  violet  to  deep  blue,  and  the  density  decreases, 
periment  indicates  that  at  about  700°  C.  the  molecules  c 
tain  only  two  atoms,  and  as  the  temperature  rises  the  m 
cules  slowly  dissociate,  until  at  about  1700°  C-  the  ioc 
vapor  consists  entirely  of  atoms.  Iodine  stains  the  s 
yellow,  and  tunis  cold  starch  solution  blue.  The  prese 
of  a  minute  trace  of  iodine  may  be  thus  detected,  one  [ 
of  iodine  in  over  400,000  parts  of  water  producing  the  I 
color.  The  exact  nature  of  this  blue  compound  is 
known.  The  presence  of  starch  in  many  vegetable  f 
stances  can  be  shown  by  this  delicate  test.  Iodine  dissoi 
slightly  in  water,  and  freely  in  alcohol,  chloroform,  carl 
disulphide,  ether,  and  potassium  iodide  solution.  ' 
chloroform  and  carbon  disulphide  solutions  are  violet, 
the  others  are  brown,  or  even  black.  The  chemical  proj 
ties  of  iodine  resemble  those  of  chlorine  and  bromine, 
it  is  less  active.  Bromine  and  chlorine  displace  iod 
from  its  compounds,  chlorine  and  chlorine  water  be 
often  used  for  this  purpose.  It  combines  directly  w 
other  elements  and  replaces  some.  Phosphorus  bursts  ii 
a  flame  when  combining  with  iodine. 

Compounds  of  Iodine  resemble  the  corresponding  ones  of  chlor 
and  bromine.  Hjdriodic  acid  is  much  like  hydrobromic  and  hyii 
chloric  acid,  though  unlike  them  in  being  a  reducing  agent.  lodii 
are  salts  of  hydriodic  acid,  and  like  many  salts  they  are  prepared 
various  ways-  In  general  behavior  they  are  similar  lo  bromides  s 
chlorides.  PotasBlum  iodide  (Kl)  is  made  and  used  like  potart 
bromide.     lodates  and  peciodues  ave  VnoNm.  ^^M 
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MisceUaneous.  —  Iodine  dissolved  in  alcohol  or  in  potassium  iodide 
solution  is  used  as  an  application  for  the  skin  to  prevent  the  spread  of 
eruptions  or  to  reduce  swellings.  Iodine  is  used  to  make  medicinal 
preparations,  especially  iodoform  (CHI3),  which  is  used  as  a  dressing 
for  wounds.  Large  quantities  of  iodine  are  used  in  making  aniline 
dyes.  Potassium  iodide  is  made  in  large  quantities,  Germany  alone 
exporting  about  150  tons  of  it  annually.  Chili  annually  exports  over 
300  tons  and  Norway  over  160  tons  of  iodine  and  iodides. 


EXERCISES. 

X,  What  elements  constitute  the  halogen  group  ?  Why  are  they 
so  called? 

2.  How  does  fluorine  occur  in  nature  ?  Describe  briefly  the  isola- 
tion of  fluorine.  When  was  it  first  performed  ?  Summarize  the  chief 
properties  of  fluorine. 

3.  How  is  hydrofluoric  acid  prepared  ?  Give  the  equation  for  the 
reaction.    What  are  its  characteristic  properties  ?    For  what  is  it  used  ? 

4.  How  is  glass  etched?    State  the  essential  changes. 

5.  What  is  the  formula  of  hydrofluoric  acid  ? 

6.  How  does  bromine  occur  in  nature  ?  What  are  the  sources  of 
commercial  bromine  ?  What  general  method  is  used  to  prepare  this 
^^ncient  ?  Describe  briefly  the  commercial  methods.  State  the  chief 
P^'operties.  For  what  is  it  used  ?  How  does  this  element  differ  from 
^^  others  previously  studied  ? 

7.  Name  several  compounds  of  bromine.  What  is  potassium 
bromide  ? 

8.  Give  a  brief  account  of  the  discovery  of  (a)  bromine  and 
(^)  iodine. 

9.  Discuss  the  occurrence  of  iodine  in  nature.  How  is  iodine  pre- 
P^»"ed  (a)  in  the  laboratory  and  (d)  on  a  large  scale  ?  Summarize  the 
P*"operties  of  iodine.    Describe  the  test  for  iodine. 

10.  Name  several  compounds  of  iodine.     Describe  potassium  iodide. 

11.  Compare  hydrochloric,  hydrobromic,  and  hydriodic  acids. 

12.  What  is  the  symbol  of  (a)  fluorine,  (d)  chlorine,  (c)  bromine, 
v*^)  iodine  ?    What  is  the  derivation  of  the  name  of  each  element  ? 

13.  Compare  the  physical  properties  of  fluorine,  chlorine,  bromine, 
^^d  iodine. 

14.  What  is  "  drug-store  iodine  "  ? 
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PROBLEMS. 

1.  What  is  the  percentage  composition  of  (a)  fluor  spar  (CaFj)  ^^^ 
(^)  cryolite  (NagAlFg)? 

2.  How  much  (a)  calcium  sulphate  and  (d)  hydrofluoric  add  ^^ 
formed  by  heating  loo  gm.  of  fluor  spar  with  sulphuric  acid  ? 

3.  Calculate  the  percentage  composition  of  (a)  potassium  bromi^^ 
(KBr),  (d)  potassium  iodide  (KI),  (c)  silver  bromide  (AgBr),  aO^ 
(d)  iodoform  (CHI3). 

4.  How  much  potassium  iodide  is  needed  to  prepare  63.5  gm.  o* 
iodine  ? 

5.  How  much  potassium  bromide  is  needed  to  prepare  10  gm.  of 
bromine  ? 

6.  Write  the  formulas  of  the  following  compounds  by  using  tlie 
valence  tables:  Magnesium  iodide,  mercurous  iodide,  mercuric  bro- 
mide, barium  fluoride,  zinc  iodide,  ferrous  bromide,  lead  iodide,  ferric 
fluoride,  cupric  fluoride. 

7.  Write  the  equations  for  the  following  reactions :  (a)  Potassium 
bromide  and  silver  nitrate  form  silver  bromide  and  potassium  nitrate. 
(d)  Sodium  iodJde  and  silver  nitrate  form  silver  iodide  and  sodium 
nitrate. 
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CHAPTER  XVII. 
SOLPHDH  AND  ITS  COMPOUNDS. 

tPHUR  has  been  known  for  ages.  The  alchemists  re- 
;d  it  as  one  of  the  primary  forms  of  matter.  The  ele- 
and  its  compounds  have  always  played  an  important 
in  the  development  of  many  industries. 
currence  and  Formation.  —  Sulphur,  free  and  com- 
t,  is  abundant  and  widely  distributed,  Free  or  native 
lur  is  found  usually  in  volcanic  regions.  There  are 
beds  associated  with  gypsum  (calcium  sulphate).  It  is 
ved  that  such  deposits  were  formed  by  the  reduction  of 
ypsum  by  microorganisms  into  limestone  and  sulphur, 
imbined  sulphur  is  found  in  volcanic  gases,  in  sub- 
:es  of  vegetable  and  animal  origin,  and  as  sulphides 
iulphates.  Several  important  metallic  ores  are  native 
liides,  e.g.  lead  sulphide  (PbS),  zinc  sulphide  (ZnS),  and 
;  of  mercury,  antimony,  and  copper.  Probably  some 
e  sulphur  has  been  formed  by  the  decomposition  of 
lides  by  heat.  The  most  abundant  sulphates  are 
ties  of  calcium  sulphate  (CaSO,),  barium  sulphate 
10,),  and  magnesium  sulphate  (MgSO,).  Volcanic 
5  often  contain  sulphur  dioxide  (SO3)  and  hydrogen 
lide  (HjS).  The  latter  is  also  found  in  the  water  of 
lur  springs.  Doubtless  some  of  the  sulphur  found  in 
inic  districts  has  been  produced  from  these  two  gases, 
r  interaction  may  be  represented  thus  — ■ 

SO3         +  2  HjS  =     3  S     +    2H2O 

ilphur  Dioxide        Hvdrogen  Sulphide        Su\p\iuT 
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Sulphur  is  also  a  component  of  onions,  horse-radish,  miiS''' 
tard,  garlic,  eggs,  some  petroleum  and  coal,  and  certain 
complex  compounds  of  the  body  —  such  as  bile  and  saliva- 
It  has  been  estimated  that  the  body  contains  about  13  5 
gm.  (0.27  lb.)  of  combined  sulphur. 

Source.  ^ — Sicily,  until  recently,  furnished  most  of  the 
sulphur,  the  annual  output  being  about  500,000  tons- 
Owing  to  the  favorable  geographical  location,  rich  deposits, 
and  cheap  labor,  it  was  thought, the  supply  would  con- 
tinue to  come  from  there.  But  enough  sulphur  for  do- 
mestic uses  is  now  readily  obtained  from  the  vast  deposits 
in  Louisiana. 

Some  of  Ihe  sulphur  of  commerce  Is  obtained  by  roasting  iron  pyrit«s» 
as  in  the  manufacture  of  sulphuric  acid.  Small  amounts  are  recovercJ 
from  the  calcium  sulphide  waste  of  the  Leblanc  soda  process  (se* 
SodiJm  Carbonate),  and  from  the  residues  of  the  iron  oxide  used  to 
punfy  illummatiiig  gas 


Fig.  47-- 


Extraction.  —  For  many  years  sulphur   has   been  ex- 
tracted  from  the  impure  native  sulphur  in   Sicily  by  a 
primitive  process.     The  crude  sulphur  is  brought  to  the    1 
surface  by  laborers,  piled  loosely  in  a  heap,  and  covered    I 
with  powdered  or  burnt  nre  or  with  earth.     The  heap  is    I 
ignited  at  the  bottom,  and  the  heat  produced  by  the  coni'    L 
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ration  of  some  of  the  sulphur  melts  the  rest,  which  runs 
out  at  the  bottom  (Fig.  47). 

In  Louisiana  the  sulphur  is  obtained  in  a  very  pure  con- 
dition by  forcing  hot  water  through  pipes  down  upon  the 
deep  beds;  the  melted  sulphur  rises  part  way  in  another 
pipe,  and  is  then  forced  to  the  surface  by  compressed  air 
introduced  through  a  small  innermost  pipe. 

Purification. — Sulphur  obtained  from  Sicily  requires 
purification.  This  is  accomplished  by  the  apparatus  shown 
1  Figure  48.  The  crude  sulphur  is  melted  in  B,  and  flows 
iito  the  iron  cylinder,  A.     Here  it  is  heated,  and  the  vapors 


k  4S. — Apparatus  for  purifying  sulphur, 

So  the  targe  brick  chamber,  provided  with  a  tap,  C, 
(•"cm  which  the  liquid  sulphur  may  be  withdrawn.  If  the 
^stillation  is  conducted  slowly,  the  sulphur  vapor  con- 
^^ses   upon   the   cold   walls   of   the  chamber  as  a  fine 
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powder,  called  flowers  of  sulphur,  just  as  water  vapot 

suddenly  cooled  below  o"  C.  turns  to  snow.  As  the 
operation  continues  the  walls  become  hot,  and  the  sulphur 
coUects  on  the  floor  aa  a  liquid  which  is  drawn  off  into 
wooden  molds.     This  is  roll  sulphur  or  brimstone. 

Properties.  —  Ordinary  sulphur  is  a  yellow,  brittle,  crys- 
talline solid.  It  is  insoluble  in  water,  but  most  varieties 
dissolve  in  carbon  disulphide,  and  to  some  extent  in  turpen- 
tine, chloroform,  and  benzene  (CgHg).  Sulphur  does  not 
conduct  heat.  The  warmth  of  the  hand  causes  it  to  crackle 
and  even  break  from  the  unequal  expansion. 

The  specific  gravity  of  the  solid  is  about  2.  The  specific  gravity  of 
the  vapor  varies  with  the  temperature.  At  the  lowest  temperature  at 
which  sulphur  can  be  vaporized,  the  molecule  contains  eight  atom* 
(Sg),  while  at  Soo°C.  aud  higher  it  contains  two  atoms  (Sj). 

Heated  to  ii4.s''C.  sulphur  melts  to  a  thin,  amber-colored 
liquid.  As  the  temperature  is  raised,  the  liquid  darkens 
and  thickens,  until  at  about  230°  C.  it  is  black  and  too  thick 
to  be  poured  from  the  vessel.  Heated  still  higher,  the 
color  remains  black  but  the  mass  becomes  thin,  and  finally 
at  about  448°  C.  the  liquid  boils  and  turns  into  a  yellowish 
brown  vapor.  Sulphur  ignites  readily  and  bums  with  a 
pale  blue  flame,  forming  sulphur  dioxide  gas,  SO,;  i£ 
burned  in  oxygen,  a  little  sulphur  trioxide,  SO3,  is  also 
formed.  Finely  divided  sulphur  oxidizes  in  moist  air, 
forming  sulphuric  acid,  H^SOj.  It  also  combines  directly 
and  readily  with  hydrogen,  carbon,  chlorine,  and  other  ele- 
ments, especially  metals.  The  compounds  formed  are 
sulphides. 

The  reaction  between  sulphur  and  metals  is  often  attended  by  Tind 

combustion,  though  heat  is  neces.iary  lo  start  the  chemical  actioi' 
When  a  mixture  of  flowers  of  sulphur  and  powdered  iron  is  heateittbe 
mass  begins  lo  glow  and  soon  becomes  red-hot,  the  ^ow  often  spreaJ' 
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^'through  tbe  mass  after  removal  from  the  flame.    The  product  is 
>a  sulphide,  and  the  change  is  represented  thus — 
Fe      +  S        =  FeS 

Iron  Sulphur        Irun  Sulphide 

leated  copper  glows  when  dropped  into  melted  sulphur,  while  rinc 
ust  and  llowers  of  sulphur  combine  with  almost  explosive  violence- 
Different  Forms  of  Sulphur.  —  Sulphur  exists  in  at  least 
hree  different  forms,  —  two  crystallized  and  one  amorphous, 
^hese  modifications  differ  in  specific  gravity,  solubility, 
nd  other  properties.  The  crystallized  forms  belong  to 
le  orthorhombic  and  monoclinic  systems  (see  Appendix, 
3).  According  to  some  authorities  these  different  forms 
e  allotropic  modifications  of  sul- 
fur. Orthorhombic  sulphur  is  the 
rrri  deposited  by  crystallization 
oni  a  solution  of  carhou  disiilphide 
'  *fi-  49)-  Crystallized  native  sul- 
fur is  orthorhombic.  The  mono- 
uiic  crystals  are  deposited  from 
olten  sulphur.  By  melting  sul- 
fur in  a  crucible  and  pouring  off 
le  excess  of  liquid  as  soon  as  crys- 
Is  shoot  out  from  the  walls  near  the  surface,  the  interior  of 
le  crucible  when  cold  will  be  found  to  be  full  of  long,  dark 
-How,  shining  needles.  They  are  moDOclinic  crystals  of 
'Iphur,  After  a  few  days  they  become  dull  and  yellow, 
^d  crumble  into  minute  crystals  of  the  orthorhombic  form, 
-Amorphous  sulphur  is  formed  by  pouring  boiling  sul- 
hur  into  water.  It  is  a  tough,  pSastic,  rubberlike,  amber- 
^lored  mass,  insoluble  in  carbon  disulphide.  It  is  entirely 
'fferent  in  color  and  texture  from  the  crystallized  varieties. 
n  a  short  time  it  becomes  hard,  brittle,  and  yellow,  and 
iltimately  acquires  many  properties  of  ordinary  sulphur. 
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Other  varieties  of  amorphous  sulphur  are  known.  They  are  white 
or  whitish  powders.  One  is  made  by  boiling  flowers  of  sulphur  witii 
milk  of  lime  and  adding  hydrochloric  acid  fo  the  decanted  liquid.  A 
fine  sulphur  powder  is  precipitated,  which  gives  the  liquid  the  appear- 
ance of  milk,  hence  the  name  often  apphed  to  it,  "  milk  of  sulphur." 

Uses.  —  Sulphur  is  used  in  making  sulphuric  acid  and 
other  sulphur  compounds,  gunpowder,  fireworks,  matches, 
in  vulcanizing  rubber,  as  a  medicine  and  a  constituent  of 
some  ointments,  and  as  a  germicide  for  Phylloxera  —  an 
insect  which  destroys  grapevines. 

Compounds  of  Sulphur.  —  The  important  compounds  o£ 
sulphur  are  hydrogen  and  other  sulphides,  suiphur  dioride 
and  trioxide,  the  sulphites,  sulphuric  acid  and  the  sulphates, 
and  carbon  disulphide. 

Hydrogen  Sulphide,  H^S,  is  a  gaseous  compound  of 
sulphur  and  hydrogen,  and  is  often  called  sulphuretted 
hydrogen.  It  occurs  in  some  volcanic  gases,  and  in  the 
waters  of  sulphur  springs.  It  is  often  found  in  the  air, 
especially  near  sewers  and  cesspools,  since  it  is  one  prod- 
uct of  the  decay  of  organic  substances  containing  sul- 
phur. It  is  one  of  the  impurities  of  illuminating  gas,  being 
formed  by  the  union  of  the  sulphur  and  hydrogen  of  the 
coal. 

The  gas  is  prepared  in  the  laboratory  by  the  interaction 
of  dilute  acids  and  metallic  sulphides,  usually  hydrochloric 
acid  and  ferrous  sulphide.  When  the  acid  is  poured  upon 
fragments  of  the  sulphide,  the  gas  is  rapidly  evolved  witi- 
out  applying  heat,  and  may  be  collected  over  water.  Tbe 
equation  for  the  chemical  change  is  — 

FeS       +       2HCI       =        H^S       +        FeCIj 

Iron  Hydrochloric  Hydrogen  Iron 

Sulphide  Acid  Sulphide  Chloride 
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Hydrogen  sulphide  gas  is  colorless  and  has  the  odor  of 
tten  eggs.  It  is  poisonous.  A  little,  if  breathed,  produces 
adache  and  nausea,  and  a  large  quantity  renders  one  un- 
nscious.  This  gas  is  inflammable  and  burns  with  a  bluish 
ime,  forming  water  and  sulphur  dioxide,  thus  — 

2H2S       +       3O3       =       2SO2       +      2H2O 
Hydrogen  Sulphide      Oxygen         Sulphur  Dioxide         Water 

'  the  supply  of  air  is  insufficient,  combustion  is  incom- 
ete  and  sulphur  is  also  formed.  It  is  a  powerful  reduc- 
g  agent,  and  is  often  used  as  such  in  chemical  analysis, 
van  sulphuric  acid  is  reduced  by  it,  thus  — 

H2SO4     +      H2S      =      SO2      +      S     +     2H2O 

Sulphuric  Hydrogen  Sulphur         Sulphur  Water 

Acid  Sulphide  Dioxide 

[ydrogen  sulphide  is  soluble  in  water,  one  volume  of  water 
issolving  about  three  volumes  of  the  gas  at  the  ordinary 
imperature.  The  solution  is  called  hydrogen  sulphide 
rater,  and  is  often  used  instead  of  the  gas.  The  solution 
^ddens  litmus  and  decomposes  slowly,  sulphur  being  de- 
osited. 

A  liter  of  dry  hydrogen  sulphide  gas,  under  standard  conditions, 
eighs  1.537  gm.  When  metals  are  heated  in  dry  hydrogen  sul- 
bide,  metallic  sulphides  are  formed  and  the  volume  of  hydrogen  liber- 
^d  is  the  same  as  the  original  volume  of  gas.  Since  the  hydrogen 
lolecule  is  Hg,  there  must  be  two  atoms  of  hydrogen  in  the  hydrogen 
ilphide  molecule.  Its  vapor  density  is  17.15,  hence  the  molecular 
eight  is  34.3.  Subtracting  2  for  Hg,  the  remainder  32.3  agrees  well 
ith  the  atomic  weight  of  sulphur.  Hence,  there  can  be  only  one 
:om  of  sulphur  in  hydrogen  sulphide,  and  formula  must  be  HgS. 

Sulphides  may  be  regarded  as  salts  of  the  weak  acid, 
ydrogen  sulphide,  though  they  are  not  always  prepared 
irectly  from  hydrogen  sulphide.     They  may  be  produced 
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by  the  direct  union  of  sulphur  and  metals,  as  in  t 
of  iron  and  copper  sulphides  previously  mentioned,  or 
exposing  the  metal  to  the  moist  gas.  A  more  coram 
way  is  to  precipitate  them  by  passing  the  gas  into  solutic 
of  metallic  compounds,  or,  sometimes,  by  adding  hydrog 
sulphide  water.  Copper,  tin,  lead,  and  silver  are  rapic 
tarnished  by  the  gas.  Silverware,  on  this  account,  tui 
brown  or  black,  especially  in  houses  heated  by  coal  a 
lighted  by  coal  gas,  because  hydrogen  sulphide  is  o 
product  of  the  combustion  of  coal  and  gas.  The  bro' 
silver  sulphide  also  coats  silver  spoons  which  are  putir 
mustard  or  eggs.  Lead  compounds  are  blackened  by  tl 
gas,  owing  to  the  formation  of  lead  sulphide,  thus  — 

PbO       +       HjS       =         PbS       +  H,0 

Lead  Oxide     Hydrogen  SuJphide     Lead  Sulphide     Water 

For  this  reason  houses  painted  with  "white  lead"  pa 
often   become  dark,  and,  similarly,  oil  paintings  are  c 
'   colored.      The  blackening  of   a  solution  of    a  lead  co 
pound  is  the  customary  test  for  hydrogen  sulphide. 

Many  sulphides  have  a  brilliant  color.  Araenious  sulphide  is  ] 
yellow,  cadmium  sulphide  ia  golden  yellow,  manganese  sulphide  is  I! 
colored,  zinc  sulphide  is  white,  antimony  sulphide  is  orange  red.  T 
vary  in  solubility.  The  sulphides  of  lead,  silver,  copper,  and  s£ 
Other  metals  are  insoluble  in  dilute  hydrochloric  acid.  The  sulphi 
of  iron,  line,  and  some  other  metals  are  decomposed  by  dilute  hp 
chloric  acid,  hut  are  precipitated  if  ammonium  hydroxide  is  pres 
Sulphides  of  certain  metals  dissolve  in  water.  Hence  by  preciplGil 
metals  under  different  conditions,  groups  of  metals  may  be  sepati 
and  subjected  to  further  tests.  The  color  often  affords  a  ready  me 
of  detecting  each  sulphide.  Hydrogen  sulphide  is  thus  a  services 
reagent  in  the  branch  of  chemistry  called  Qualitative  Antdyats. 

Sulphur  Dioxide,  SOj,  is  the  common  compound  of 
phur  and  oxygen.     It  occurs  in  the  gases   of  volcani 
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and  to  a  slight  extent  in  the  atmosphere,  since  it  is  the 
usual  product  of  the  combustion  of  sulphur  and  sulphur 
compounds. 

When  sulphur  burns  in  air  (or  oxygen),  sulphur  dioxide 
is  formed,  thus  — 

S     +      O3       =  SOa 

Sulphur        Oxygen  Sulphur  Dioxide 

It  is  also  formed  by  roasting  iron  disulphide  (iron  pyrites) 
in  the  air,  thus  ■ — 

2  FeSa       +      1 1  O     =        4  SOj       +       FcaOg 

IroD  Disulphide        Oxygen        Sulphur  Dioxide        Iron  Oxide 

The  above  reaction  is  utilized  on  a  large  scale  in  the  com- 
mercial manufacture  of  sulphuric  acid. 
Sulphur  and  carbon  reduce  sulphuric  acid  to  sulphur  dioxide,  thus  — 

S        +        zHaSOj  =         3SO2       +       2HaO 

Sulphur  Sulphuric  Acid  Sulphur  Dioxide 

C     +     2  HaSO,     =      2  SOj      +      CO2      +      2  HgO 

Carboa  Carbon  Dioxide 

Two  methods  of  preparation  are  used  in  the  laboratory, 
(l)  If  copper  and  concentrated  sulphuric  acid  are  heated, 
a  series  of  complex  changes  results  finally  in  the  evolution 
Of  sulphur  dioxide.     The  equation  is  usually  written  — 

Cu  +  2  H^SO,  =  SOj  +  CuSO,  +  2  H,0 
^per    Sulphuric  Acid    Sulphur  Dioxide    Copper  Sulphate 

a)  Dilute  sulphuric  (or  hydrochloric)  acid  dropped  upon 
I  sulphite  yields  sulphur  dioxide,  thus  — 
NajSOg  +    H,SO,     =      SO,    +     Na^SO^  +  H,0 
Sodium  Sulphuric  Sulphur  Sodium 

Sulphite  Add  Dioxide  Sulphate 


I 
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This  method  is  convenient  for  liberating  a  steady  curreot 
of  the  gas. 

Sulphur  dioxide  gas  has  no  color.  Its  odor  is  suffocating, 
being  the  well-known  odor  associated  with  burning  sulphur 
matches.  It  will  not  burn  in  the  air,  nor  will  it  support 
ordinary  combustion.  A  burning  taper  or  stick  of  wood 
is  instantly  extinguished  by  it,  but  finely  divided  metals, 
iron  for  example,  bum  in  it.  It  is  a  heavy  gas,  the  high 
density  (2.2)  allowing  it  to  be  readily  collected  by  down- 
ward displacement.  Low  temperature  and  pressure  change 
it  into  a  transparent,  colorless  liquid,  which  boils  at  —  S°C. 
and  freezes  at  —  76°  C.  into  a  transparent,  icelike  solid. 
It  is  very  soluble  in  water.  At  the  ordinary  temperature 
one  volume  of  water  dissolves  about  forty  volumes  of  gas, 
but  loses  it  all  by  boiling.  This  solution  is  sour  and  red- 
dens blue  litmus,  and  contains  sulphurous  acid.  Moist 
sulphur  dioxide  bleaches  vegetable  coloring  matters.  A 
red  or  a  purple  flower  loses  color  in  it.  Silk,  hair,  stra*, 
wool,  and  other  deUcate  substances,  which  would  be  injured 
by  chlorine,  are  whitened  by  sulphur  dioxide,  In  somt 
cases  the  color  returns  when  the  bleached  article  is  exposed 
to  the  air  for  some  time,  and  usually  such  bleached  objects 
become  yellow  with  age.  The  coloring  matter  is  not  wholly 
destroyed,  but  probably  unites  with  the  sulphur  dioxide  to 
form  a  colorless  compound,  which  slowly  decomposes. 

Immense  quantities  of  sulphur  dioxide  are  used  in  the 
manufacture  of  sulphuric  acid.  The  gas  is  also  used  to 
preserve  meat  and  wines,  to  fumigate  clothing  and  houses, 
in  paper  making,  in  tanning,  in  refining  sugar,  and  in 
making  acid  sodium  sulphite.  Liquid  sulphur  dioxide  isuseo 
in  extracting  glue  and  gelatine,  and  in  various  metallurgical 
processes.  It  absorbs  heat  during  evaporation,  and  b  used 
in  some  ice  machines. 
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IWterof  sulphur  dioxide  under  standard  conditions  weighs  2.937  gm. 
Tbe  Composition  of  Sulphur  Dioxide  is  based  on  the  following: 
le  gas  formed  by  burning  sulphur  in  a  measured  volume  of  oxygen 
i  the  same  volume  as  the  oxygen  itself.  Hence  there  are  as  many 
)leciiles  of  sulphur  dioxide  as  there  were  of  oxygen ;  that  b,  one 
)l«ule  of  sulphur  dioxide  contains  one  molecule  (or  two  atoms)  of 
ygen.  A  motecuie  of  oxygen  weighs  32.  But  the  molecular  weight 
sulphur  dioxide  found  from  its  vapor  density  is  about  64.  Subtract- 
1 32  (i.c.  2  X  16)  from  this,  there  remains  about  32  for  sulphur.  The 
sinic  weight  of  sulphur  is  32.07,  hence  sulphur  dioxide  contains  only 
le  atom  of  sulphur,  and  its  composition  is  expressed  by  the  formula 

Sulphurous  Acid  and  Sulphites.  —  Sulphurous  acid  is  formed  when 
Iphur  dioxide  dissolves  in  water.     Sulphur  dioxide  is,  therefore,  sul- 
lurouH  anhydride.    The  simplest  equation  expressing  this  fact  is  — 
SO.  +  HjO  =  H,S03 

Sulphur  Dioxide  Water  Sulphurous  Acid 

he  acid  has  never  been  obtained  free,  resembling  carbonic  add  in  this 
spect.  It  is  unstable,  and  gradually  forms  sulphuric  acid  by  combin- 
g  wifh  oxygen  from  the  air.  The  acid  is  dibasic,  and  forms  two 
isses  of  salts,  the  sulphites.  They  are  reducing  agents,  and  yield 
Iphur  dioxide  when  treated  with  acids.  Acid  aodium  sulphite 
INaSOJ,  often  called  bisulphite  of  soda,  is  the  antichlor  used  to 
move  the  excess  of  chlorine  from  bleached  cotton  cloth.  It  is  also 
ed  in  brewing,  tanning,  and  in  making  starch,  sugar,  and  paper. 
;id  calcium  sulphite  {CaH„(SO;);),  prepared  by  passing  sulphur 
Hide  into  milk  of  lime,  is  used  in  paper  making. 

Salpbur  Trioxide,  SO3,  is  formed  by  the  direct  union  of 
Iphur  dioxide  and  oxygen,  a  little  being  produced  when 
Iphur  burns  in  air  or  in  oxygen.  The  action  is  slow,  but 
ly  be  hastened  by  passing  a  mixture  of  sulphur  dioxide 
d  oxygen  (or  air)  over  hot  platinum,  or  over  asbestos 
ated  with  platinum.  Other  substances  also  hasten  the 
ange.  It  is  a  white,  crystalline  solid,  which  melts  at 
'  C.  and  boils  at  46°  C.  Another  form,  silklike  in  luster 
■topearance,  is  known.     When  exposed  to  moist  air  it 
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change  are  themselves  reoxidized  by  the  air  into  higbe' 
oxides.  The  rtiain  parts  of  a  sulphunc  acid  plant 
together  with  the  courses  taken  by  the  gases,  are  shown 
in  Figure  50. 

Carefui  study  shows  that  the  chemical  changes  involved  in  this  pro- 
cess of  manufacturing  sulphuric  acid  are  complex  and  variable.  Ai> 
cording  to  a  reliable  authority,  the  main  continuous  reactions  may  be 
represented  thus  — 

aHNOs     +     2  SO,    +     HjO     =     aHjSO,     +     Nfi^ 


+     NjOj      +     Og 


HjO  =  aSO,(OHJ(N0J 
Nitrosyl-sulphuric 
Add 


3  SO/OHKNOj)  +  Hi,0=  2HgSO,       +     NjO, 
or,    aSO,tOH)(NOa)  +  SO,  +  0  +  2  H,0  =  3  HjSO<  +  NA 

The  nitrogen  trioxide  (NjOj)  is  the  essential  factor,  though  probably 
the  change  is  really  due  to  a  mixture  of  nitric  oxide  (NO)  and  nitrogen 
peroxide  (NO,) .  Under  some  conditions,  nitric  oxide  plays  a  promiMn' 
part.  It  may  be  said  in  general  that  the  ease  with  which  the  oxida  " 
nitrogen  pass  into  each  other  makes  it  highly  protrable  that  they  art 
carriers  of  oxygen  from  the  air  to  the  sulphur  dioxide. 

A  Sulphuric  Acid  Plant  consists  of  three  main  parts— (a)  ihefurnart 
for  producing  sulphur  dioxide,  (6)  the  lead  chambers  together  with  the 
Glover  and  Gay-Lussac  towers  for  changing  the  sulphur  dioride  in'" 
sulphuric  acid,  and  (c)  the  concentrating  apparatus.  The  manu&cWl* 
is  conducted  somewhat  as  follows:  (i)  Sulphur  or  iron  disulphiifc 
(FeS.;)  is  burned  in  a  tiimace  constructed  so  that  enough  air  pa*"* 
over  the  burning  mass  to  change  the  sulphur  into  sulphur  dioxide,*"" 
to  furnish  the  proper  amount  of  oxygen  for  later  changes.  In  so'* 
works  the  furnace  is  provided  with  "niter  pots"  containing  a  inixwf.| 
of  sodium  nitrate  and  sulphuric  acid ;  the  nitric  acid  vapors  which  'S'i 
formed  are  one  source  of  the  oxides  of  nitrogen.  (2)  The  mixtnte  l»'| 
sulphur  dioxide,  oxides  of  nitrogen,  and  air  passes  from  the  fivnace  i"" 
the  bottom  of  the  Glover  tower.  This  is  a  tall  tower  filled  wUh  siM" 
atones  over  which  flow  two  streams  of  sulphuric  acid,  one  dilute  and  I*' 
other  containing  oxides  of  nitrogen   (obtained  from  the  Gay-Lu*9(' 
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lower).  These  acids  not  only  cool  the  ascending  gases,  but  are  them- 
sdves  deprived  of  water  and  oxides  of  nitfogea.  Hence,  concen- 
trated add  flows  out  of  the  bottom  of  the  Glover  tower,  while  from  the 
top  sulphur  dioxide,  oxides  of  nitrogen,  steam,  and  air  pass  on  into  the 
firsi  lead  cliamber.  Here  nitric  acid  is  often  introduced,  as  well  as 
steam.  The  main  chemical  changes  occur  in  this  and  in  the  second 
chamber.  A  third  chamber  serves  mainly  to  cool  and  dry  the  gases. 
These  chambers  are  huge  boxes  often  having  a  total  capacity  of  1 50,000 
cubic  feet ;  the  walls  and  floors  are  of  sheet  lead  supported  on  a  wooden 
framework,  lead  being  a  metal  which  is  only  slightly  attacked  by  the 
chamber  add.  The  remaining  gases  pass  on  into  the  bottom  of  the 
Gay-LuBsac  tower.  This  tower  is  filled  with  coke  over  which  flows 
CODcealraled  sulphuric  acid  (from  the  Giover  tower),  which  absorbs  the 
lujused  oxides  of  nitrogen.  These  oxides  are  liberated  again  in  the 
Glover  tower,  hence  there  is  little  loss.  At  the  end  of  the  plant  is  a 
•all  chimney,  which  serves  as  an  exit  for  unused  gases  (such  as  nitro- 
gen) and  also  creates  a  draft  strong  enough  to  carry  the  gases  through 
'he chambers  and  tower.  (3)  The  acid  which  is  producedin thecham- 
Mrs  and  drawn  ofl"  from  them  at  intervals  contains  about  67  per  cent 
of  Ihe  compound  H^SOj.  Ordinary  commercial  sulphuric  acid  which 
contains  about  96  to  g3  per  cent  b  prepared  from  the  chamber  acid  by 
evaporation,  first  in  lead  pans  and  finally  in  a  platinum  or  an  iron 
vessel. 

Another  method  of  manufacturing  sulphuric  acid  has 
recently  been  perfected,  called  the  contact  method.  Sul- 
phur dioxide  and  air,  well  purified  and  heated  to  3  50-400°  C, 
We  led  through  pipes  containing  plates  covered  with  a 
contact  mixture,  which  is  chiefly  finely  divided  platinum. 
The  sulphur  dioxide  is  oxidized  to  sulphur  trioxide,  thus  — 
SO3  +        O        =-  SOg 

Sulphur  Dioxide  Oxygen  Sulphur  Trioxide 

ibe  sulphur  trioxide  is  conducted  into  dilute  sulphuric  acid 
fr  water,  thus  producing  a  pure  acid  of  any  desired  strength. 
The  process  is  continuous  if  the  gases  from  the  pyrites 
ourners  are  completely  freed  from  arsenic  compounds,  sul- 
phur dust,  and  other  impurities. 
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la  the  above  process  the  platinum  is  not  changed,  nor  does  it  cause 
the  sulphur  dioxide  to  unite  with  the  oxygen.  It  facilitates  the  chemi- 
cal action  between  the  gases  somewhat  as  oil  assists  the  movemeatof 
machinery.  This  kind  of  chemical  action  is  called  catalyBla  or  catt- 
lytic  action.  The  substance  which  hastens  or  retards  a  chenucil 
reaction,  but  appears  unchanged  at  the  end  of  the  process  is  called  a 
catalyzer.  In  many  cases  of  catalytic  action  it  has  been  found  that  tbe 
catalyzer  probably  participates  in  the  chemical  action,  though  its  ead 
share  is  not  alu-ays  dearly  understood. 

Properties  of  Sulphuric  Add.  —  Sulphuric  acid  is  aa 
oily  liquid,  colorless  when  pure,  but  usually  brown  froca 
the  presence  of  charred  organic  matter,  such  as  dust  and 
straw.  The  commercial  acid  has  the  specific  gravity  i.Si- 
When  suiphuric  acid  is  mixed  with' water,  considerable 
heat  is  evolved.  The  acid  shotild  always  be  poured  inW 
the  water,  otherwise  the  intense  heat  may  crack  the  vessel 
or  spatter  the  hot  acid.  The  volume  of  dilute  acid  pro- 
duced is  smaller  than  the  sum  of  the  volumes  of  water  and 
concentrated  acid.  The  tendency  to  absorb  water  is  shown 
in  many  ways.  The  concentrated  acid  absorbs  moisture 
from  the  air  and  from  gases  passed  through  it.  It  is  often 
^  used  in  the  laboratory  to  dry  gases,  since  it  is  not  volatile 
at  the  ordinary  temperature.  Wood,  paper,  sugar,  starch, 
cotton  cloth,  and  many  organic  substances  are  blackened  by 
sulphuric  acid.  Such  compounds  contain  hydrogen  and 
oxygen  in  the  proportion  to  form  water;  these  two  ele- 
ments are  abstracted  and  carbon  alone  remains.  Similarlyi 
sulphuric  acid  withdraws  water  from  the  flesh,  making 
painful  wounds. 

Sulphuric  acid  is  reduced  by  hydrogen  sulphide,  hydrobromlc  and 
hydriodic  acids,  carbon,  and  sulphur ;  it  combines  with  ammonia  to  tortt 
ammonium  sulphate  (NH,)jSO^ ;  and  is  decomposed  by  all  metals  «■ 
cept  platinum  and  gold,  liberating  hydrogen,  sulphur  dioxide,  or  hydcO' 
gen  sulphide. 
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^Tses  of  Sulphuric  Acid.  —  Sulphuric  acid  is  one  of  the 
Tiost  important  substances.     Directly  or  indirectly  it  is 
ised  in  hundreds  of  industries  upon  which  the  comfort, 
prosperity,  and  progress  of  mankind  depend.     It  is  used 
in  the  manufacture  of  all  other  mineral  acids  and  many 
organic  acids.     It  is  essential  in  one  process  for  the  manu-  ,      | 
facture  of  sodium  carbonate,  from  which  in  turn  are  made        J 
soap  and   glass.     Enormous  quantities  are  consumed  in    V  I 
making  artificial  fertilizers,  alum,  nitroglycerine,  glucose,        I 
phosphorus,  dyestuffs,  and  in  various  parts  of  such  funda-        I 
mental    industries    as    dyeing,    bleaching,   electroplating,        J 
refining,  and  metallurgy. 

Sulphates.  —  Sulphuric  acid  is  dibasic  and  forms  two 
classes  of  salts,  —  the  normal  sulphates,  such  as  NajSO^,/ 
and  the  acid  sulphates,  such  as  HNaSO^.  The  normal  ^ 
sulphates  are  stable  salts ;  the  acid  salts  lose  water  when 
heated.  Most  suiphates  are  soluble  in  water,  only  the  sul- 
phates of  barium,  strontium,  and  lead  being  insoluble, 
while  calcium  sulphate  is  slightly  soluble.  Important 
sulphates  are  calcium  sulphate  (gypsum  CaSO^.2  H3O), 
barium  sulphate  (heavy  spar,  BaSO^),  zinc  sulphate  (white 
vitriol,  ZnSO,),  copper  sulphate  (blue_  vitriol  or  blue  stone, 
CuSO^),  iron  sulphate  (green  vitriol,  copperas,  ferrous  sul- 
phate, FeSOj),  sodium  sulphate  (Glauber's  salt,  NajSO^), 
arid  magnesium  sulphate  (Epsom  salts,  MgSO,).  Sul- 
phates are  widely  used  in  medicine  and  in  many  industries. 

The  test  for  aulpharic  acid  or  a  soluble  sulphate  is  the  formation 
of  Ihe  while,  insoluble  barium  sulphate  upon  the  addition  of  barium 
chloride  solution.  An  insoluble  sulphate  fused  on  charcoal  b  reduced 
to  a  sulphide,  which  blackens  a  moist  silver  coin. 

Fuming  Sulphuric  Acid,  H^S^O-,  is  made  by  adding  sulphur  trioiide 
fo  sulphuric  acid,  or  by  heating  moist  ferrous  sulphate.  T^\&  \a  '^t 
acid  called  aulpburic  acid  by  the  alchemists.    It  is  sDTtve."L\TOe5  ci!it& 
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■0°  C, crystals; 

unstable  acid.  It  is 
,  or  simply  "  hypo." 
The  sdulioD. 


Nordhausen  sulphuric  acid.     It  is  a  thick,  brown  liquid,  which  fiiK 
strongly  in  the  air,  owing  to  the  escape  of  oxides  of  sulphur.    It  is  used 
in  gas  analysis  to  absorb  ethylene  and  other  illui 
to  dissolve  indigo.     If  the  fuming  acid  is  cooled 
rate;  they  are  called  pyrosulphuric  acid. 

Sodium  Thioaulphate,  Na.;S;0.;,  is  a  salt  of  a 
sometimes  incorrectly  called  sodium  hyposulphi 
It  is  a  white,  crystallized  solid,  very  soluble  in 
used  in  excess,  dissolves  the  halogen  compounds  of  silver;  hence  its 
extensive  use  in  photography  (see  Photography).  It  also  finds  some 
use  as  an  antichlor,  and  in  chemical  analysis  for  determining  the  amflitnt 
cf  free  iodine  in  a  solution. 

Carbon  Disulphide,  CS^,  when  pure,  is  a  dear,  colorless  liquid,  witli 
an  agreeable  odor.  The  commercial  substance  is  yellow  and  has  an 
offensive  odor.  It  is  poisonous.  It  is  volatile  and  extremely  inflam- 
mable, the  equation  for  its  combustion  being — 

CS.  +    3  0»    =  CO,  +  3  SO, 

Carbon  DisiUphide     Oxygen     Carbon  Dioxide     Sulphur  Dioiioe 
This  liquid  is  almost  insoluble  in  water,     it  dissolves  rubber,  gums,  fetSi 
iodine,  camphor,  and  some  forms  of  sulphur.     It  is  a  highly  reftading 
liquid,  and  hollow  glass  prisms  filled  with  it  are  used  to  decompwe 
"  t  is  used  to  dissolve  pure  rubber  in  the  manu6c- 

It  is  also  used  to  kill  insects  on  both  living  and 
mseums),  and  to  exterminate  burroviing  aniiM'S' 
such  as  moles  and  woodchuclts.  Many  oils,  waxes,  and  greases  are  cf- 
tracted  by  carbon  disulphide.  It  is  also  used  to  manufacture  compoun'l' 
of  sulphur  and  of  carbon. 

Until  recently  carbon  disulphide  was  manufactured  by  passing  «!" 
phur  vapor  over  red-hot  coke  or  charcoal  in  iron  or  earthenware  retorts ! 
the  product  required  laborious  purification.  It  is  now  manufactored  hj' 
an  electrothermal  process.  Several  groups  of  carbon  electrodes  are  s^' 
into  the  base  of  a  furnace,  coke  is  packed  loosely  around  them,  and  'he 
body  of  the  furnace  is  filled  with  charcoal.  Sulphur  is  introduced  2' 
suit.ibie  points,  and  when  the  current  pa.sses  the  sulphur  melts,  vspt*' 
with  the  heated  carbon  above  the  electrodes. 

Selenium  and  Tellurium  are  rare  elements  which  form  compouniJs 
analogous  to  the  principal  compounds  of  sulphur.  These  three  wi'" 
oxygen  form  a  naiural  group,  their  physical  properties  varying  giadualf 
mlb  increasing  atomic  weight. 
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H  E^RCISBS. 

IK  WIia.t  is  the  symbol  and  atomic  weight  of  sulphur? 
^B.  Where  is  free  sulphur  found?    Discuss  its  formation.     In  what 
tus  is  combined  sulphur  found?     Name  five  native  compounds  of 
phur.     What  animal  and  vegetable  substances  contain  sulphur? 

3.  Give  a  brief  account  of  the  sulphur  industry  in  Sicily.  How  ia 
Jphur  purified? 

4.  What  is  (11}  flowers  of  sulphur,  (*)  brimstone,  (c)  roll  sulphur, 
9)  milk  of  sulphur? 

5.  Summarize  the  properties  of  sulphur,  especially  its  actioD  when 
leated, 

6.  Describe  the  different  forms  of  sulphur. 

7.  For  what  is  sulphur  used? 

8.  What  is  hydrogen  sulphide?  Where  is  it  found?  Describe  its 
'reparation. 

9.  Summarize  the  properties  of  hydrogen  sulphide.  State  the 
^(luation  for  its  combustion.  What  is  its  action  upon  sulphuric  acid? 
iVhat  is  hydrogen  sulphide  water? 

to.  Why  is  HjS  the  formula  of  hydrogen  sulphide? 

n.  What  are  sulphides?  How  are  they  formed?  Name  and  de- 
icribe  five.  Why  does  silverware  often  blacken?  What  use  is  made 
'(sulphides  in  qualitative  analysis? 

12.  What  is  sulphur  dioxide?  How  is  it  formed?  State  one  equa- 
ion  for  its  formation.     Describe  its  preparation.     For  what  is  it  used? 

13.  Summarize  the  properties  of  sulphur  dioxide. 

14.  Why  is  SOj  the  formula  of  sulphur  dioxide? 

15.  What  is  the  volumetric  equation  for  the  formation  of  sulphur 
Jiojiide  from  sulphur  and  oxygen?  How  many  liters  of  oxygen  are 
'wded  lo  form  5  I.  of  sulphur  dioxide? 

16.  Discuss  sulphurous  acid  and  sulphites. 

17.  What  is  sulphur  trioxide?  How  is  it  prepared?  SUte  its  chief 
"■operties.    What  is  its  formula?    Why? 

18.  Give  a  brief  historical  account  of  sulphuric  acid.  Why  is  It  often 
^ed  oil  of  vitriol?  What  is  (a)  chamber  acid,  (i)  Nordhausea  acid, 
iO  fuming  sulphuric  acid,  (d)  pyrosulphuric  acid? 

19.  Upon  what  fact  is  the  manufacture  of  sidphuric  acid  based?  In 
^t  two  general  ways  is  the  operation  accomplished  ? 

^^  Describe  the  older  method  of  manufacturing  sulphuric  add. 
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21.   Describe  the  contact  method  of  manufacturing  sulphuric  add. 
as.    Define  (a)  catalysis  and  (6)  catalyzer. 

23.  Summarize  the  properties  of  sulphuric  acid. 

24.  Enumerate  the  impoiiant  uses  of  sulphuric  acid. 

25.  Define  and  illustrate  (a)  sulphate,  (d)  normal  sulphate,  (()  ad 
sulphate. 

26.  What  is  (a)  gypsum,  (*)  white  vitriol,  (f)  green  vitriol,  (d)  VfK 
vitriol,  (e)  Glauber's  salt. 

27.  Describe  the  test  for  (a)  sulphuric  acid,  (6)  sulphurous  >ai 
(f)  a  soluble  sulphate,  (d)  an  insoluble  sulphate,  (£)  a  sulphite. 

28.  State  (a)  the  properties,  and  (A)  the  uses  of  sodium  thiosulphatt. 
What  is  its  common  name? 

29.  State  (a)  the  properties,  and  (i)  the  uses  of  carbon  disulphidt' 
How  is  it  manufactured? 

PROBLEMS 

1.  Calculate  the  percentage  composition  of  fa)  barium  aulplutt 
(BaSOj),  (A)  zinc  sulphate  (ZnSO,),  (c)  sodium  sulphate  (Na,SOJ. 

2.  Calculate  the  percentage  composition  of  (a)  galena  (PbS),  (W 
zinc  blende  (ZnS),  (0  iron  pyrites  (FeSj),  (d)  ferrous  sulphide  (feS)' 

3.  What  weight  and  what  volume  of  hydrogen  can  be  obtained  fio" 
102  gm.  of  hydrogen  sulphide  ? 

4.  What  is  the  weight  of  a  stick  of  brimstone  10  cm.  long  and  i 
cm.  in  diameter? 

5.  How  manygramsof  ferrous  sulphide  are  needed  to  preparealil" 
of  hydrogen  sulphide  gas? 

6.  Sulphuric  acid  is  1 .8  times  heavier  than  water.  How  many  grana 
of  add  will  a  liter  flask  hold  ? 

7.  Calculate  the  weight  of  oxygen  necessary  to  burn  (to  sulphur  di- 
oxide) 731  gm.  of  sulphur  containing  15  per  cent  of  impurities. 

8.  A  lump  of  sulphur  weighing  32  gm.  is  burned  in  air.  CalcolsK 
(«)  the  weight  of  oxygen  required,  and  (d)  the  weight  of  sulphur  di- 
oxide  formed. 

9.  How  many  liters  of  oxygen  are  needed  (a)  to  form  10  1.  "' 
sulphur  dioxide  by  burning  sulphur  in  air,  and  (ij  to  change  10 1 W 
sulphur  dioxide  to  sulphur  trioxide  ? 
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CHAPTER  XVIII. 
SILICON  AND  BORON. 

iurrence  of  Silicon.  —  Silicon  does  not  occur  free  in 
e,  being  found  almost  exclusively  as  silicon  dioxide 
)  or  as  silicates.  These  compounds  are  so  abundant 
idely  distributed  that  approximately  one  fourth  of  the 
s  crust  is  silicon.  Sand  and  the  different  varieties  of 
I  are  silicon  dioxide.     Most  rocks  are  silicates. 

:on  is  not  a  rare  element.  It  is  obtained  by  heating  a  special 
e  of  silicon  dioxide  and  carbon  in  an  electric  furnace,  or  by  heat- 
con  chloride  with  sodium. 

;  carbon,  silicon  has  three  allotropic  forms,  —  a  brown  amorphous 
',  a  dark  grayish  mass  like  graphite,  and  steel-colored  crystals, 
hous  silicon  may  be  changed  into  the  other  forms.     They  have 
it  properties, 
name  "  silicon  "  comes  from  the  Latin  word  silex^  sUicis,  flint. 

.con  Dioxide  or  Silica,  SiOg,  is  the  most  common  com- 
l  of  silicon.  Sand,  gravel,  sandstone,  and  quartzite 
most  wholly  silica.  It  is  an  essential  ingredient  of 
rocks,  as  granite  and  gneiss.  Quartz  is  silicon  di- 
It  has  many  varieties,  which  differ  in  color  and 
ure,  due  to  minute  impurities  or  to  the  mode  of 
tion.  Among  the  crystalline  varieties  are  the  clear, 
2ss  rock  crystal,  the  purple  amethyst,  and  the  rose, 
r,  glassy,  milky,  and  smoky  forms.  Varieties  imper- 
crystalline  or  amorphous  are  the  waxlike  chalcedony, 
irious  forms  of  agate  having  different  colored  layers, 
ddish  brown  carnelian,  the  black  and  white  onyx,  the 
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red  or  brown  jasper,  the  dull  brown  or  black  flint,  and  tk 
brittle  chert.  Opal  is  hydrated  silica {SiOa-nHjCfj.  Petri' 
fled  or  silicified  wood  is  largely  some  variety  of  quaiti 
which  has  replaced  the  woody  fiber.  There  is  a  "  petrified 
forest "  in  Arizona,  Infusorial  or  diatomaceous  earth  is  a 
variety  of  silica  consisting  of  the  shells  of  minute  organisms 
called  diaioms  {Fig.  51).  Quartz  is  often  found  as  crystals 
which  consist  usually  of  a  six-sided  prism  with  a  six-sided 
pyramid  at  one  or  both 
ends,  but  the  crystals 
are  sometimes  complei 
(Fig.  52). 

Quartz     crystals    and 


Fig.  58.  —  Quartz  Mjslik 


varieties  like  them  are  hard  enough  to  scratch  glass. 
They  are  insoluble  in  water  and  acids,  except  hydro- 
fiuoric  acid,  but  are  soluble  in  melted  hydroxides  and 
carbonates  of  sodium  and  potassium.  Quartz  is  infusiblii 
except  at  very  high  temperatures.  If  fused  with  certain 
precautions,  the  molten  mass  can  be  drawn  out  into  elastic 
threads  and  also  shaped  into  tubes,  crucibles,  etc.,  which 
do  not  crack  by  sudden  heating  and  cooling. 

Sandstone  and  quartzite  are  used  as  building  stones,  and 
hard  sandstone  is  made  into  grindstones  and  whetstones. 
Sand  is  used  in  making  sandpaper,  glass,  porcelain,  M^ 
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BHar.  Glass  is  roughened  and  cut  by  blowing  or  "  blast- 
g"  fine  sand  against  it.  Many  of  the  varieties  of  quartz 
e  cut  and  polished  in  to  ornaments  and  gems,  e.^.  amethyst, 
)al,  and  agate.  Rock  crystal  is  used  as  the  "diamond" 
cheap  jewelry,  a^d  is  cut  into  lenses  for  eyeglasses  and 
rtical  instruments.  Petrified  wood  is  cut  and  polished  into 
ble  tops,  mantelpieces,  and  fireplaces.  Infusorial  earth  is 
led  to  polish  silver,  "electro-silicon"  being  the  commercial 
ime  of  one  kind,  and  in  making  cement,  "soluble  glass," 
'namite,  and  refractory  brick.  Over  1300  tons  are 
inually  used  in  the  United  States. 

Silica  and  Plants.  —  Ashes  of  many  plants  contain  silica,  showing 
It  some  compound  of  silicon  is  assimilated  by  the  plant  from  the  soil 
probably  silicic  acid  or  a  soluble  silicate  (see  below).  The  ashes  of 
and  wheat  straws  and  of  potato  stems  contain  from  40  to  70 
cent  of  silica.  Plants  like  horseteil,  sword  grass,  and  bamboo  are 
1  in  silica.  The  silica  is  probably  not  a  plant  food  in  the  strict  sense, 
gives  firmness  to  the  tall  stalks,  especially  to  their  joints,  and  pro- 
ves Ihe  lough  exterior  coating,  as  on  the  bamboo.  The  quills  of 
ihers  and  the  spikes  of  sponges  are  tough  and  rigid  frum  the  silica 
y  contain. 

Silicon  Tetrafluoride  (SiF^)  is  formed  by  the  interaction  of  silicon 
xide  and  hydrofluoric  add,  as  described  under  etching  (see  Etching). 

Silicic  Acid  and  Silicates.  —  When  silicon  dioxide  is 
led  with  sodium  or  potassium  carbonates,  the  correspotid- 
;  silicate  is  formed  thus  — 


SiOj 

+ 

K3CO9        = 

=       KjSiOB 

+       CO, 

Silicon 

Potassium 

Potassium 

Carbon 

Dioxide 

Carbonate 

Silicate 

Dioxide 

itassium  and  sodium  silicates  dissolve  in  water,  and  when 
dro chloric  acid  is  added,  the  gelatinous  precipitate 
-med  is  a  sillcic  acid  having  the  formula  HjSiOa  (proba- 
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bly).     This  acid  is  decomposed,   by  heating,  into  ! 
dioxide  and  water,  thus  — 


HjSiOg       =  SiOa         H 

Silicic  Add  Silicon  Dioxide 


Water 


There  are  many  complex  silicic  acids.  Silicates  are  salts 
of  silicic  acids,  though  they  are  often  so  complex  that  no 
actual  corresponding  acid  is  known.  Silicates  make  up 
a  large  part  of  the  earth's  crust,  silicates  of  aluminium, 
iron,  calcium,  potassium,  sodium,  and  magnesium  being  the 
most  abundant.  Many  common  rocks  and  minerals  are 
silicates,  e.g.  feldspar,  mica,  mica  schist,  hornblende,  clay, 
slate,  beryl,  garnet,  serpentine,  and  talc. 

Sodium  and  potassium  silicates  are  the  only  ones  soluble 
in  water,  and  the  thick,  sirupy  solution  is  often  called 
"  water  glass  "  or  soluble  silica.  It  is  used  in  making  yel- 
low soaps,  cements,  and  artificial  stone,  to  fix  colors  in 
frescoing  and  calico  printing,  and  to  render  cloth,  wood, 
and  paper  fireproof. 

Some  forms  of  silica  dissolve  in  a  hot  solution  of  sodium  carboMtti 
Hence,  many  hot  springs,  as  in  the  Yellowstone  Park,  contain  silita  io 
solution  (as  an  alkaline  silicate),  and  when  the  water  comes  to  thesll^ 
face  and  cools,  silica  is  deposited  around  the  spring  in  beautiful  fomis 
called  gesrserite  or  siliceous  sinter.  Probably  the  formation  of  pefi" 
lied  wood  is  due  to  the  deposition  of  silica  from  such  a  solution^ 

suicides  are  compounds  of  silicon  and  other  elements.  Carbonni' 
dum,  carbon  silicide  (or  silicon  carbide,  CSi),  has  been  mentioned  {sK 
Carborundum,  Chapter  X).  Silicides  of  iron,  chromium,  and  copp" 
(Fe^Si.  Cr^Si,  and  Cu^Si)  are  also  commercially  important. 

Glass  is  a  mixture  of  silicates,  one  of  which  is  always 
a  sihcate  of  potassium  or  sodium.  Window  glass  is  a  sili- 
cate of  sodium  and  calcium,  and  Bohemian  glass  is  3 
silicate  of  potassium  and  calcium.  In  flint  glass,  calciiui 
is  replaced  by  lead. 
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is  not  made  by  mixing  silicates,  but  by  melting 
sand,  an  alkali,  and  a  calcium  or  a  lead  compound. 
lU  may  be  sodium  carbonate  (NagCOg),  or  potas- 
•bonate  (KgCOg),  or  a  mixture  of  these;  sodium 
is  often  used.  The  calcium  compound  used  is  cal- 
bonate  (CaCOg)  in  the  form  of  chalk  or  limestone, 
i  compound  used  is  litharge  (PbO)  or  red  lead 
Small  quantities  of  other  substances  are  also 
.  broken  glass  to  help  lower  the  melting  point  of 
ure,  oxide  of  arsenic  (AsgOg),  potassium  nitrate 
or  manganese  dioxide  (MnOg)  to  remove  the 
color  caused  by  iron  compounds,  metallic  oxides 
substances  to  produce  colored  glass,  and  numerous 
Its,  such  as  calcium  fluoride  or  calcium  phosphate, 
special  kinds  of  glass. 

rocess  consists  in  heating  the  proper  mixture  in  a 
pot  to  a  high  temperature.  During  the  melting, 
:ape,  and  the  impurities,  which  rise  to  the  surface 
n,  are  removed.  The  molten  mass  is  allowed  to 
1  it  becomes  pasty.  In  this  condition  it  may  be 
•relded,  cut,  drawn,  or  molded  into  almost  any 
jhape. 

cture  used  varies  with  the  kind  of  glass  to  be  made.  A  typi- 
;  for  table  and  bottle  glass,  used  in  a  large  works,  is  — 

15501b. 

n  carbonate 550  lb. 

200  lb. 

n  nitrate loo  lb. 

otal  charge 2400  lb. 

J  Glass  is  made  by  blowing  a  lump  of  glass  into  a  hollow 
then  into  a  cylinder ;  this  on  being  opened  at  both  ends  and 
wise  spreads  open  flat.    Plate  glass,  which  has  about  the 
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aame  composition  as  window  glass,  is  made  by  pouring  t1 
glass  upon  a.  large  Cable,  rolling  it  with  a  hot  iron  roller,  and  31 
quenlly  grinding  and  polishing  it.  Plate  glass  b  used  for  large 
dowg  and  for  mirrors,  but  considerable  rough  plate  is  used  for  skyl 
and  floors.  Crown  glass  is  a  good  quality  of  window  glass.  It  I 
brilliant  surface.  Limited  quantities  are  used  as  "  bull's  eyes"  in  1 
rative  windows.  Bohemian  glass  is  the  hard  glass  of  which 
chemical  apparatus  is  made.  Flint  glass  is  a  silicate  of  potassiun 
lead ;  it  is  a  lustrous,  soft  glass,  largely  used  in  making  lamp  chin 
and  globes.  Pure  flint  glass  is  often  called  atrass  or  paste,  and  c 
count  of  its  luster  and  brilliancy  it  is  made  into  artificial  gems.  L 
for  telescopes  and  other  optical  instruments  usually  consist  of 
crown  and  flint  glass.  Cut  glass  is  flint  glass.  The  object  h 
molded  or  blown  into  the  general  shape,  the  design  is  then  cut 
the  soft  glass  by  a  wheel,  and  the  finished  object  is  polished 
wooden  wheel  smeared  with  rouge  (oxide  of  iron)  or  putty. 

Many  objects,  such  as  tumblers  and  small  dishes,  are  now  ma( 
pressing  the  soft  glass  with  a  die  or  by  blowing  it  into  a  mold, 
jars,  bottles,  and  lamp  chimneys  are  blown  by  machinery.    Many 
improvements  have  increased'the  output  and  improved  the  quail 

AH  glassware  must  be  cooled  slowly  to  prevent  the  glass  from 
brittle.  This  operation  is  called  annealing,  and  Is  accomplishi 
passing  the  objects  slowly  through  a  furnace  in  which  the  tempei 
is  gradually  lowered. 

Glass  is  colored  by  adding  different  substances  which  dissolve  i 
molten  mass.  Iron  and  chromium  compounds  make  it  green,  the 
color  of  many  bottles  and  fruit  jars  being  due  to  the  iron  in  the  1 
materials  used ;  copper  and  cobalt  compounds  produce  different  5' 
of  blue;  manganese  dioxide  gives  a  pink  or  a  violet,  and  a  mjxti 
manganese  dioxide  and  iron  oxide  gives  an  orange  color ;  yellow  i: 
duced  by  charcoal,  sulphur,  or  silver;  certain  copper  compoua 
gold  give  a  ruby  color ;  translucent  or  white  glass  is  made  by  a 
fluor  spar  or  cryolite ;  smoked  glass  contains  nickel ;  iridescent 
is  made  by  exposing  it  to  the  vapors  of  hydrochloric  add  or  ( 
chloride  (SnCI,). 

The  United  States  produces  yearly  over  50^00,000  dollara' ' 
of  glass.  The  industry  Ls  carried  on  in  about  twenty-five  states^ 
sylvania  producing  two  fifths  of  the  total  output 
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Occurrence. —  Boron  is  never  found  free,  but  the  com- 
pounds, borax  (Na^BjO^)  and  boric  acid  (HgBOa),  are 
abundant 

Boron  Itself  la  an  uncommon  element.  It  Is  prepared  by  heating 
llie  oxide  (^fls)  with  magnesium,  aluminium,  sodiu.n,  or  potassium. 
It  h  greenish  brown  amorphous  powder,  without  taste  or  odor.  It 
bums  whea  heated  in  air,  forming  the  oxide  (B^O,)-  It  also  unites 
with  the  halogens,  sulpliur,  and  nitrogen.  It  forms  many  borides,  one 
of  which,  carbon  boride  (CBJ,  is  said  to  be  harder  than  diamond. 

Boric  Acid,  H3BO3,  is  contained  in  the  waters  and  steam 
uf  certain  volcanic  regions,  notably  Tuscany.  Large 
basir.s  or  tanks  are  built  around  these  steam  jets,  and 
are  arranged  so  that  the  water  flows  at  intervals  from  one 
reservoir  into  the  next  lower,  constantly  becoming  charged 
with  more  boric  acid,  as  the  steam  condenses.  The  final 
snlution  is  evaporated  by  aid  of  the  heat  from  the  steam 
jets,  and  the  cn;de  boric  acid  which  settles  out  is  purified 
by  recrystallization.  This  compound  is  sometimes  called 
horacic  acid, 

CoQsiderabie  boric  acid  ia  also  made  in  California  from  borax,  and 
'1  Germany  from  the  boradte  found  at  Stassflirt. 

Boric  acid  crystallizes  in  lustrous,  white  flakes,  which  fee!  greasy, 
't  dissolves  slightly  in  cold  water,  readily  in  hot  water,  and  in  alcohol, 
"hen  the  alcoholic  solution  is  burned,  a  boron  compound  colors  the 
^por  green.     This  is  the  test  for  boron  compounds. 

Boric  acid  is  used  in  making  borax,  in  the  manufacture  of  enamels 
'"d  glazes  for  pottery,  as  an  antiseptic  in  medicine  and  surgerj',  and  for 
preserving  meat,  fish,  milk,  butter,  beer,  and  wine. 

Borax,  Na^B^O,.  roHjO,  occurs  in  large  quantities  in 
-alifomia,  and  an  impure  borax  called  tinkal  comes  from 
^ibet.     Much   of    the   commercial   borax  is   made    from 
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boric   acid  or    from   native   calcium    borate  (colemanite, 
CajBgOii.  5  H3O)  by  boiling  with  sodium  carbonate  ami 
separating  the  borax  by  crystallization. 

Borax  is  a  white  crystallized  solid,  having  ten  or  five 
molecules  of  water  of  crystallization.     It  effloresces  in  tie 
air.     When  heated,  ordinary  borax  melts,  then  swells  up 
into  a  white  porous  mass,  which  finally  becomes  a  glassy 
solid.     This   glassy  borax   dissolves    metallic   substances, 
especially  oxides.     If  the  borax  is  melted  on  the  end  of 
a  looped  platinum  wire,  the  transparent  globule  is  calleda 
borax  bead.     These  beads  differ  in  color  under  different 
circumstances,  and  the  oxides  of  metals  cause  the  beadsto 
assume  colors  which  are  characteristic  of  the  metals,  as 
may  be  seen  by  the  following  table :  — 

Colors  of  Borax  Beads. 

Mbtai- 

r^..™fu«      ^ 

Hoi. 

Cold. 

Hoi. 

Geld.       1 

Cobalt     .    . 
Copper    .     . 
Manganese  . 

Reddish  yellow 
Blue 
Green 
Violet 

Yellowish  green 

Blue 

Greenish  Blue 

Violet 

Green 

Blue 

Colorless 

Colorless 

Grwn 

Blue 

Red 

Coloties 

The  bead  test  is  often  used  in  chemistry  to  confirm  othel 
observations  or  to  suggest  further  examination. 

Borax  is  used  in  the  manufacture  of  enamels  and  glazes, 
and  in  the  formation  of  the  "  paste  "  for  artificial  gems- 
Considerable    borax  is   used   for  preserving  canned  meat 
and  fish.     It  is  a  cleansing  agent,  and  large  quantities  art 
consumed  in  laundries  as  well  as  in  the  manufacture  0 
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ps,  particularly  those  intended  for  use  in  hard  water 
5  Soap).  Its  power  to  dissolve  oxides  adapts  it  for  use 
soldering  metals.  Solder  adheres  only  to  clean  metals, 
a  little  borax  is  used  to  dissolve  the  film  of  oxide  on 
surfaces  to  be  joined.  It  is  likewise  used  in  welding 
tals  and  as  a  flux  in  their  preparation.  Considerable 
intities  are  used  as  a  mordant  in  calico  printing  and  in 
Jing.  It  is  an  ingredient  of  ointments,  lotions,  and 
vders,  which  are  designed  to  relieve  hoarseness  or 
n  eruption. 

EXERCISES. 

1.  What  is  the  symbol  and  atomic  weight  of  (a)  silicon,  and 
boron  ? 

2.  How  is  silicon  found  in  nature  ?  What  proportion  of  the  earth's 
it  is  combined  silicon  ? 

3.  Name  several  common  forms  of  silicon  dioxide.  Describe  the 
irent  varieties  of  quartz. 

4.  What  is  (a)  petrified  wood,  (3)  opal,  (c)  diatomaceous  earth, 
"electro-silicon"  ? 

5.  Summarize  the  properties  of  quartz.  How  can  it  be  readily 
inguished  from  other  minerals  and  rocks  ? 

6.  State  the  uses  of  the  different  forms  of  silicon  dioxide. 

7.  Discuss  the  relation  of  silicon  dioxide  to  plants. 

8.  Review  with  special  reference  to  silicon  compounds  {a)  car- 
mdum,  and  (p)  etching  glass. 

9.  Describe  the  formation  and  state  the  properties  of  ordinary 
ic  acid.  Name  several  common  silicates.  What  metals  are  com- 
ents  of  silicates  ? 

0.  Describe  the  formation,  state  the  uses,  and  enumerate  the  prop- 
is  of  "  water  glass." 

1.  What  is  glass  ?  How  is  it  made  ?  Name  the  components  of 
different  kinds. 

2.  What  is  (a)  window  glass,  (3)  plate  glass,  (c)  Bohemian  glass, 
flint  glass,  and  (e)  cut  glass  ? 

3.  How  is  glass  (a)  annealed,  and  (d)  colored  ? 

^.  How  is  boron  found  in  nature  ?  What  is  the  formula  of  (a) 
X,  and  (^)  boric  acid  ? 


264  Descriptive  Chemistry. 

15.  Where  is  boric  acid  found  ?    How  is  it  manufactured  ?  State 
its  properties  and  uses. 

16.  Where  is  borax  found?    How  is  it  prepared  for  commerce?  | 
State  its  properties  and  uses. 

17.  Describe  the  borax  bead.    State  and  illustrate  its  use. 

PROBLEMS. 

1 .  Calculate  the  percentage  composition,  of  (a)  willenute  (Zn^SiO^), 
(3)  steatite  (MgaSi^O,,.  Ufi),  (c)  quartz  (SiOg). 

2.  What  per  cent  of  borax  (Na^B^O^.  10  H^O)  is  boron  ? 


S 


CHAPTER  XIX. 
PHOSPHORUS,  ARSENIC,  ANTIMONT,  AND  BISMUTH. 

r 

Phosphorus,  arsenic,  antimony,  and  bismuth,  together 
th  nitrogen,  form  a  natural  group  of  elements. 

PHOSPHORUS. 

Occurrence.  —  Free  phosphorus  is  not  found  in  nature, 
Lt  phosphates  are  numerous  and  abundant.  .The  most 
mmon  are  phosphorite  (impure  Cag(P04)2)  and  apatite 
Ca3(P04)2 .  CaClg  or  CaFg).  About  o.  i  per  cent  of  the 
rth's  crust  is  phosphorus.  Calcium  phosphate  is  pres- 
Lt  in  all  fertile  soils,  being  a  product  of  decayed  rocks, 
losphorus  compounds  are  essential  constituents  of  plants 
id  of  the  brain,  nerves,  and  bones  of  animals. 

Phosphorus  was  discovered  in  1669  by  Brand,  who  obtained  it  by 
ating  a  certain  kind  of  animal  matter.  Scheele,  in  1771,  extracted  it 
>in  bones. 

Preparation.  —  Phosphorus  is  too  dangerous  a  substance  to  prepare 
the  laboratory,     (i)  It  is  manufactured  from  bone  ash  or  from  native 
'osphates.    The  finely  ground  material  is  mixed  in  large  vats  with 
ough  sulphuric  acid  to  produce  the  following  change:  — 

^a3(PO,)2     +        3H,S0,        =        2H3PO,  +     3CaS0, 

Calcium  Sulphuric  Add        Phosphoric  Acid  Calcium 

Phosphate  (Ortho-)  Sulphate 

'^e  insoluble  calcium  sulphate  is  removed  by  filtering  the  mixture 
*"ough  cinders.  The  phosphoric  acid  solution  is  concentrated,  mixed 
^h  sawdust,  coke,  or  charcoal,  and  dried,  being  changed  thereby 
^rding  to  the  equation  — 

HgPO^  =  HPO3  +        HP 

^osphoric  Add  (Ortho-)        Phosphoric  Acid  (Meta-) 

265 


Descriptive  Chemistry.  I 

The  dried  mass  is  heated  fo  a  high  temperature  in  clay  retorts  arranged     I 
i,  the  change  thus  produced  being  subslanlially —  I' 

4HP03       +     12C      =  Pj        +        2H,        +  laCO        1 

Phosphoric  Acid    Carbon  Phosphorus         Hydrogen        Carlwn         1 

(Meta-)  Monoxide       | 

The  phcsphorus  distils  as  a  vapor  through  a  pipe  into  a  trough  of  water, 
where  it  collects  as  a  heavy  liquid,  (a)  Phosphorus  is  also  manulaclurKi 
in  the  electric  furnace.  A  mixture  of  a  phosphate,  carbon,  and  sand  i^ 
fed  into  a  furnace  provided  with  an  outlet  pipe  through  which  the  phos— 
phorus  vapor  passes  into  a  condenser.  The  residue  is  drawn  ofFasasla^ 
at  the  bottom  (Fig.  53).  The  equation  for  the  chemical  change  is  — 
2Ca,{P0(),  +  6SiO,  +  loC  =  P,  +  loCO  +  6CaSiOa 
Calcium  Sand  Carbon    Phosphorus     Carbon         CalciLtei 

Phosphate   '  Monoxide 


Silicate 


Either  method  gives  a  black  product,  which  is  purified  by  redistil- 
lation in  an  iron  retort,  or  by  oxidation  under  water  with  sulphuric 
,  acid  and  potassium  dichromale; 

finally  it  is  pressed  through  can- 
vas bags  and  molded  into  sticks. 

Properties.  — Phosphor- 
us has  three  allotropic 
modifications,  —  yellow  or 
ordinary,  red  or  amorphous, 
and  black  or  crystalline, 
Ordinary  phosphorus  is 
a  yellowish,  transliicenC 
solid.  The  color  deepens 
for  the  by  exposure  to  light  At 
he  mix-    ordinary  temperatures 

,,_  ,  ^   .,      '='"'""■  phosphorus    is    like   wax, 

the  foniace  by  the  scrcH'  a.  '^         '^ 

current  passed  between  the  but  at   low  temperatures  it 

<-■  intense  jg  brittle.     Under  water  it 

hest  needed  for  the  chemical  change. 
The  phoaphorua   escapes 
through  Cand  the  slag  is  d 


melts  at  44°  C.      Exposed 
to  the  air  it  immediately 
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lives  off  white  fumes,  and  at  34°  C,  takes  fire  and  burns 
'ith  a  brilliant  flame,  the  main  product  being  phosphorus 
entoxide  (PjOg).  In  moist  air  it  glows,  as  may  be  easily 
:en  by  rubbing  the  bead  of  a  match  in  a  dark  room. 
his  property  gave  the  element  its  name  (from  the  Greek 
ard  phosphoros,  light  bringer).  The  ease  with  which  it 
nites  makes  phosphorus  dangerous  to  handle.  Burns 
om  it  are  severe  and  hard  to  heal.  It  is  very  poisonous, 
id  the  workmen  in  phosphorus  factories  are  subject  to 
dreadful  disease,  which  rots  the  bones.     A  fatal  dose 

about  0.15  gm.  Phosphorus  is  kept  beneath  water,  and 
lould  never  be  handled  or  cut  unless  so  covered.  It  is 
iarly  insoluble  in  water,  but  dissolves  in  carbon  disulphide 
id  slightly  in  sodium  hydroxide  solution.  Yellow  phos- 
lonis  has  a  faint  odor,  which  may  be  easily  detected  by 
oelling  a  match  head.  Red  phosphorus  is  made  by 
;ating  ordinary  phosphorus  to  250°-3O0°  C.  in  a  closed 
;ssel.  Any  unchanged  yellow  phosphorus  is  extracted 
ith  sodium  hydroxide  solution.  The  red  phosphorus  is 
ually  a  reddish  brown  powder,  though  sometimes  it  is 
brittle  mass,  It  is  opaque  and  odorless,  does  not  give 
;ht,  nor  can  it  be  easily  ignited.  It  is  not  poisonous,  and 
les  not  dissolve  in  carbon  disulphide.     Its  specific  gravity 

2,25.  that  of  the  yellow  form  being  1.836.  It  can  be 
.ndled  without  danger.  Heated  to  about  260°  C,  in  an 
mosphere  of  nitrogen  or  carbon  dioxide,  it  changes  into 
dinary  phosphorus. 

Black  PhosphoruB  is  formed  by  dissolving  red  phosphorus  in  melted 
id,  »nd  allowing  crystals  to  separate.     Its  specific  gravity  is  z.34.. 

The  vapor  density  of  phosphorus  is  such  that  its  molecule  must 
ntain  four  atoms,  hence  its  molecular  formula  is  P^. 

Certain  rat  and  bug  (wisons  contain  ordinary  phosphorus,  but  moat 

the  phosphorus  of  commerce  is  consumed  in  the  manufacture  of 
Itches  (see  below). 
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Oxides  of  PhosphoruB.  —  The  two  importani  oxides  are  phospno 
or  trioxide  (Pp,  or  Pfig)  and  phosphoric  or  penloxide  (P,Oj),  Pta* 
phorous  oxide  is  a  white  solid  formed  by  the  slow  oxidation  of  phos- 
phorus or  by  burning  phosphorus  in  a  limited  supply  of  air.  It  hasihe 
odor  of  phosphorus  a.ad  is  poisonous-  Warmed  in  the  air,  it  chaoga 
into  the  pentoxide.  It  unites  with  water  to  form  phosphorous  add, 
*"s  —  PjO,  +     3  H,0     =  2  HjPO, 

Phosphorous  Oxide  Phosphorous  Acid 

Phosphoric  Oxide  (PyOj)  is  the  white,  snowlike  solid  formed  by 
burning  phosphorus  in  an  abundant  supply  of  ^r.  It  is  very  deli- 
quescent, quickly  withdrawing  moisture  from  the  air  and  combining  vig- 
orously with  water  with  a  hissing  noise.  It  resembles  sulphur  trioitide 
in  its  power  to  char  wood  and  paper  by  withdrawing  from  them  the 
elements  of  water.     It  is  often  used  in  the  laboratory  to  dry  gases. 

Acids  and  Salts  of  Phosphorus.  —  There  are  thre^ 
phosphoric  acids,  —  orthophosphoric  (HbPO^),  metaphos 
phoric  (HPO3),  and  pyrophosphoric  (H^P^O,).  PhoS 
phoroiis  acid  (HaPOj)  and  hypophosphorous  add  (HgPOa 
are  important  compounds. 

Orthophosphoric  Acid  is  a  by-product  in  the  manufacture  of  phoa 
phorus  from  bone  ash  (see  above)  ;  it  may  be  made  by  oxididngrS 
phosphorus  with  nitric  acid,  or  by  dissolving  phosphorus  pentolit 
in  hot  water,  thus  — 

P^O,  +        3  HP        =  2  HsPO, 

Phosphorus  Pentoxide  Orthophosphoric  Ac= 

It  is  a  while,  cr\'stalline  deliquescent  solid. 

Metaphosphoric  Acid  is  formed  by  heating  orthophosphoric  add  ic: 
high  temperature,  thus  — 

H,PO(  =  HP0.1  -1-  Hfl 

Orthophosphoric  Acid         Metaphosphoric  Acid 
It  may  be  formed  by  dbsolvirig  the  pentoxide  in  cold  water,  thus— ^ 

PjO,  -I-  Hp  =  2  HPOg. 
At  ordinary  temperature  it  is  a  glassy  solid,  and  is  called  glacial  ph**" 
phoric  acid'     It  dissolves  readily  in  water,  and  the  solution  changa 
into  ortliophosphoric  acid —  slowly  in  the  cold,  rapidly  when  boiled. 
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^^yrophosphoric  Acid  is  formed  by  healing  orlhopliosphoric  add  ta 
Joa'-joo^C,  thus  — 

2  H^POj  =  HjP^O,  +     H,0 

Orthopliosphoric  Acid        Pyrophoaphoric  Acid 
A  sodbm  salt  of  the  ortho-add  is  usually  used.    It  may  also  be  formed 
'^^^  PjO,  +  aH^O  =  H,PjO,. 

This  acid  is  an  amorphous,  glassy  (but  sometimes  crystalline)  solid. 
U  b  readily  soluble  in  water,  and  its  solution  behaves  like  metaphos- 
phoric  acid. 

Onhophos photic  add  is  tribasic,  and  its  salts,  the  phospluttes,  are 
numerous.  The  most  important  is  the  normal  calcium  salt,  Cag(P04)g. 
Hydrogen  disodium  phosphate  (HNa^PO,)  is  the  commercial  sodium 
phosphale.  This  salt  and  hydrogen  sodium  ammonium  phosphate,  or 
oiicrocosmic  salt  (HNa(NH4)POJ,  are  used  in  die mical  analysis.  The 
"acid  phosphate"  sold  as  a  beverage  is  a  solution  of  one  or  more  add 
oldum  phosphates  (HCaPOj  and  H4Ca(PO,)j) .     Metaphosphates  are 

rby  heating  primary  (or  mono-)  sodium  phosphates,  thus  — 
H.NaPOj         =         NaPOj         +     Hfl 
Primary  Sodium 

Sodium  Phosphate     Metaphoaphate 
*yTopho8phatea  are  formed  by  heating  secondary  (or  di-)  phosphates, 
"^~   aHNaoPO^  =  Na.P^O^  +     HjO 

Disodium  Phosphate      Sodium  Pyrophosphate 
HypophoBphltes  are  produced  by  treating  phosphorus  with  alkalies. 
ticy  are  often  used  as  medicines. 
Other  Compounds  of  PboEphorus.  —  Phoaphine  (PH;,)  is  analogous 
^   ammonia  (NHj),  though  it  is  not  alkaline.     It  is  made  by  heating 
'•^dimn  (or  potassium)  hydroxide  with  phosphorus.     It  is  poisonous, 
'a^  a  disagreeable  odor,  and  burns  in  the  ^r,  owing  to  the  presence  of 
^*»  Inflammable  compound  of  phosphorus  and  hydrogen.     Phosphine 
'*Self  does   not  burn.      It   combines  with   other  substances,  forming 
E^hosphonium  compounds,  which  are  analogous 
Pounds,  e.ff.  — 

PH3  +  HI  =  J 

^M  Phosphine  Hydriodic  Acid      Phospho 


I 

J 
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Phosphonia  Trichloride  (PCI.,)  is  a  disagreeable  smelling  liquid,  made 
by  the  combustion  of  dry  chlorine  and  phosphorus ;  and  phoAphonu 
pentachloride  (PClj)  is  a  greenish  solid  made  by  passing  chlorine  into 
a  vessel  containing  the  trichloride. 

Matches.  —  Phosphorus  is  chiefly  used  in  the  manufac- 
ture of  matches.  Soft  wood  is  cut  by  machinery  into  the 
desired  shape.  The  cards  or  sticks  are  fixed  in  a  frame, 
and  one  end  is  first  dipped  into  melted  sulphur  or  paraffin 
and  then  into  the  phosphorus  mixture.  The  latter  consists 
usually  of  different  proportions  of  phosphorus,  manganese 
dioxide,  glue,  and  a  little  coloring  matter.  Manganese  di- 
oxide may  be  replaced  by  other  oxidizing  agents.  These 
matches  are  the  ordinary  friction  or  sulphur  kind.  By 
rubbing  them  on  a  rough  surface  enough  heat  is  gener- 
ated to  cause  the  phosphorus  to  unite  with  the  oxygen  of 
the  oxidizing  agent,  and  the  heat  thereby  produced  sets 
fire  to  the  sulphur  or  paraffin,  and  this  in  turn  kindles  the 
wood,  Since  these  matches  are  poisonous,  and  liable  to 
take  fire,  their  manufacture  has  been  prohibited  in  some 
countries  {e.g:  Switzerland  and  the  Netherlands).  Safety 
matches,  which  replace  them,  contain  no  yellow  phos- 
phorus. The  head  of  this  kind  is  usually  a  colored  mix- 
ture of  antimony  sulphide,  potassium  chlorate,  and  glue; 
while  the  surface  upon  which  the  match  must  be  rubbed  to 
light  is  coated  with  a  mixture  of  red  phosphorus,  glue,  and 
powdered  glass.  Matches  are  made  by  machinery,  several 
milUon  being  produced  in  one  day. 

Relation  of  Phosphorus  to  Life.  —  Phosphorus  is  essen- 
tial to  the  growth  of  plants  and  animals.  Plants  take 
phosphates  from  the  soil  and  store  up  the  phosphorus 
compounds,  especially  in  their  fruits  and  seeds.  Animals 
eat  this  vegetable  matter,  assimilate  the  phosphorus  com- 
pounds, and  deposit  them  in  the  bones,  brain,  and  nerve 
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Bones  contain  about  60  per  cent  of  calcium  phos- 
ate.  Part  of  the  combined  phosphorus  consumed  by 
imals  is  rejected  by  them,  and  often  finds  its  way  back 
o  the  soil. 

The  constant  removal  of  phosphates  by  plants  would  soon  exhaust 
soil.  Hence  phosphorus  is  restored  to  the  soil  Iq  the  form  of  natu- 
or  artificial  fertilizers.  Natural  fertilizera  are(t)  stable  refuse, 
ich  always  contains  some  of  the  phosphates  from  the  food  originally 
to  the  animals ;  (2)  guano,  which  is  the  dried  excrement  and  carcasses 
he  sea  birds  that  once  lived  in  vast  numbers  in  Peru  and  Chili ;  and 
phosphate  slag,  wliicb  isa  phosphorus  by-product  obtained  in  manu- 
;uring  steel.  These  and  bones  are  ground  and  spread  upon  the  soil. 
ificiaJfertilizersare  made  from  phosphate  rock.  This  occurs  in  large 
Is  in  South  Carolina,  Tennessee,  and  Florida,  which  yield  about  a 
lion  tons  a  year.  It  consists  of  the  hardened  remains  of  land  and 
rine  animals,  and  is  mainly  tricalcium  phosphate  (Cai(PO,)„).  It  is 
oluble  iu  water,  and  must  be  changed  into  the  soluble  monocalcium 
t  CH^Ca{PO,)a),  so  that  it  can  be  evenly  distributed  through  the  soil 
i  easily  taken  up  by  plants.  This  soluble  salt  is  called  "superphos- 
Me  of  lime."  When  phosphate  rock  is  treated  with  sulphuric  acid, 
;  changes  involved  may  be  written  thus  — 


Ca,(PO,), 
Tricalcium 
Phosphate 

+ 

3  HjSO^ 

=       H.Ca(PO,)a      + 

«  Superphosphate 

of  Lime" 

aCaSO, 

Calcium 
Sulphate 

^(PO.), 

+ 

3H.S0^ 

2  H,,PO^         + 

Phosphoric  Add 

aCaSO, 

^.(POJ. 

+ 

H^O, 

=      H,Ca.,(PO0,     + 

Di calcium  Phosphate 

CaSO, 

le  aim  is  to  convert  the  crude  phosphate  rock  into  "superphos- 
*te,"  but  the  three  reactions  usually  occur.  The  product  is  ground, 
led,  and  packed  in  bags  for  the  market.  On  standing,  it  may  undergo 
fveraion,"  i.e.  the  "superphosphate"  and  phosphoric  acid  may  form 
■oluble  phosphates,  thus  making  the  fertilizer  less  valuable.  Some- 
^ea "superphosphate"  is  mixed  with  compounds  of  nitrogen  and  of 
tassium  to  form  a  complete  fertilizer. 
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Occurrence.  —  Arsenic  is  found  free  in  nature,  but  it 
usnaliy  occurs  combined  witli  sulphur  or  a  metal,  or  with 
both.  The  common  arsenic  ores  are  realgar  (AsjSj), 
orpiment  (As^Sg),  arsenic  pyrites  or  mispickel  (FeSAs). 
Arsenic  trioxide  or  arsenolite(As30a)is  also  found.  Small 
quantities  of  arsenic  occur  in  many  ores. 

The  United  States  annually  imports  over  6,000,000  pounds  of  arsenic 
and  its  compounds,  mainly  from  England  and  Germany. 

AtBenic  is  prepared  in  the  laboratory  by  heating  a  mixture  of  arsfr 
nious  oxide  and  charcoal  in  a  glass  tube.  The  change  is  represeattd 
thus — 

aASjOg  +  6C         =         Asj     +  6CO 

Arsenious  Oxide  Carbon  Arsenic      Carbon  Monoxide 

On  a.  large  scale  it  is  extracted  from  its  ores  either  by  the  above  metlm*! 
or  by  roasting  arsenic  pyrites  (FeSAs)  in  the  absence  af  ox}-gen. 

Arsenic  has  marked  properties.  It  is  a  brittle,  steel-gray  solid.  A 
freshly  broken  pit-ce  has  a  metallic  luster,  which  disappears  slowlyio' 
moist  atmosphere.  It  lends  to  crystallize.  The  specific  gravity  isfiwu 
5.62  to  S.gS.  Heated  in  the  air,  it  volatilizes  without  melting,  andtlw 
vapor  has  an  odor  like  garlic.  At  about  180°  C.  it  burns  ia  ihe  air  willi 
a.  bluish  flame,  forming  the  white  oxide  (As^G,).  The  molecules  of 
arsenic  vapor  at  about  65o''C.  contain  four  atoms.  In  some  resptds 
arsenic  resembles  both  metals  and  non-metals.  It  is  used  to  hanfcH 
the  lead  which  is  made  into  shot. 

Arsenious  Oxide  or  Arsenic  Trioxide,  AsjOj,  is  the 

most  important  compound  of  arsenic,  and  is  often  caUeJ 
simply  "arsenic"  or  "white  arsenic."  It  is  found  freeio 
nature,  but  is  usually  manufactured  by  roasting  arseni'^ 
ores.  There  are  two  common  varieties,  a  white,  granulsf 
powder  and  an  amorphous,  glasslike  solid.  It  has  no  odor, 
a  faint,  metallic  taste,  dissolves  slightly  in  cold  water,  bu' 
readily  in  hot  hydrochloric  acid.      Afsenic  trioxide  is  i 
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mk  poison.  The  antidote  is  fresh  ferric  hydroxide,  which 
s  made  by  adding  ammonium  hydroxide  to  a  ferric  salt, 
.g.  ferric  chloride.  Small  doses  (2  to  3  grains^  are  usually 
alal,  but  by  habitual  use  the  system  appropriates  larger 
loses  without  iU  effects,  Workmen  in  arsenic  factories 
iften  accidentally  swallow  with  impunity  quantities  which 
t^ould  ordinarily  prove  fatal.  It  is  used  for  making  pig- 
nents  for  green  paints,  for  fly  and  rat  poison,  in  mak- 
ng  glass,  arsenic  compounds,  in  calico  printing,  and  in 
'reserving  skins.  As  a  medicine  it  is  used  to  purify  the 
)lood. 

Other  Araenic  Compounds; — The  native  mineral  orpiment  (AsjS^) 
s  used  in  making  a  yellow  paint,  and  realgar  (AsjSj)  a  red  paint, 
Scheele's  green  is  cliiefly  copper  arsenite  (HCuAsO,),  and  was  formerly 
■Sfd  to  make  a  cheap  green  paint  and  to  color  wall  paper.  The  com- 
>le»  arsenic  compound  Paris  green  is  a  Jight  green  powder ;  owing  to 
b  poisonous  character  it  is  used  to  exterminate  potato  bugs  and  other 
"Mcts,  Arsenic  forms  adds  analogous  to  the  acids  of  phosphorus, 
fiDugh  they  are  less  important.  The  salts  sodium  arsenate  (HNaj(AsOj) 
id  arsenite  (NaAsOj,)  are  used  in  dyeing.  The  formation  of  the  yel- 
)w  eulphide  (AsjS,)  by  passing  hydrogen  sulphide  into  an  araenic 
'lution  containing  hydrochloric  acid  is  the  usual  test  for  arsenic. 

Marsh's  Test  for  Arsenic.  —  Araenic  itself  is  not  poisonous,  but  its 
'tnpounds  are  among  the  most  poisonous  substance.i  known.  For- 
luately,  combined  araenic  is  easily  detected  by  a  simple  method,  called 
[arsh's  test.  An  apparatus  for  generating  hydrogen  is  provided  with 
hard  glass  horizontal  delivery  tube,  narrowed  in  places  and  drawn  to 
point.  Pure  zinc,  pure  dilute  sulphuric  acid,  and  the  arsenic  soludon 
'E  put  in  the  generator.  Hydrogen  and  gaseous  hydrogen  arsenide 
>r  BTsine  (AsH,)  )  are  formed.     If  this  mixture  is  lighted  at  the  end 

the  delivery  tulie,  metallic  arsenic  is  deposited  as  a  black  coating  on 
'Id  porcelain  field  in  the  flame ;  or  if  the  tube  is  heated  in  front  of  a 
itrow  place,  arsenic  is  deposited  at  this  point  This  deposit  dissolves 
'  sodium  hypochlorite  solution,  but  a  deposit  of  antimony,  similarly 
"Oduced.  does  not  dissolve.  By  this  delicate  test  the  merest  trace  of 
Senic  is  readily  and  positively  detected. 
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Occurrence  of  AotmiODy.  —  Small  quantities  of  free  anti 
mony  are  found.  The  most  common  ore  is  stibnite  (Sb^), 
which  occurs  in  Japan,  Austria- Hungary,  France,  Algeria, 
Italy,  Mexico,  and  Turkey.  Large  deposits  in  California 
and  Nevada  are  now  utiUzed,  about  3,000,000  pounds  bebg 
annually  produced. 

Stibnite  wns  known  id  the  fifteenth  century.     The  Latin  nai 
antimony  is  itibhim,  from  stiboite,  which  gives  the  symbol  of  tbE    j 
element,  Sb. 

Antimony  is  prepared  on  a  krge  scale  by  two  methcxls.  In  one  ike 
sulphide  is  roasted,  and  the  oidde  thus  formed  is  reduced  with  chaicoaL 
Equations  representing  the  main  cbaoges  are  — 

SbiSi  +  5  Oa     ==  SbjO*         +  3  SOi 

Antimony  Sulphide         Oxygen      Antimony  Oxide    Sulphur  Dioride 

SbiiO*  +         4C=  2Sb  +  4  CO 

The  other  method  consists  in  heating  tlie  sulphide  with  iron,  the  equa- 
tion for  the  chemical  change  being — 

SbjSs  +         3Fe     =  2Sb         +  aFeS 

Antimony  Sulphide  Iron  Antimony  Iron  Sulpbide 

Antimony  has  interesting  properties.  It  is  a  silver  white,  cijstal- 
line,  brittle  solid.  Its  specific  gmvity  is  6.7.  At  ordinary  temperature! 
antimony  does  not  tarnish  in  the  air,  but  when  heated,  it  bums  wiihi 
bluish  flame,  forming  the  while,  powdery  antimony  trioxide  (SbiOi). 
Powdered  antimony  burns  brilliantly  when  added  to  chlorine,  hrominei 
or  iodine.  Nitric  acid  oxidizes  it,  and  aqua  regia  dissolves  it.  Anil* 
mony  melts  at  about  625^0  It  expands  on  cooling,  and  is  therefoft 
one  constituent  of  type  metal  (see  Alloys  of  Lead). 

Compounds  of  Antimony.  — Antimony  forms  stibine  (SbH J.  whiii 
is  analogous  to  ammonia  (NH;,)  and  arsine  (AsHj),  pyro- and  mrta- 
BCids,  the  oxides,  SbjOj  and  SbaOi,  and  halogen  compounds.  Ils&O 
forms  complex  compounds  in  which  antimony  acts  as  a  metal.  T«Ut 
emetic  is  potassium  antimonyltirtrale  (KSbO  -C,H,Oq).  Il  is  used  » 
a  medicine  and  as  a  mordant  in  dyeing  cotton.     Antimony  trisolpliiJ' 


Phosphorus,  Arsenic,  Antimony,  Bismuth,     275 

'Sb,Sj)  is  a  reddish  solid,  formed  by  passing  hydrogen  sulphide  gas 
Qto  a  solution  of  antimony  —  the  test  for  antimony.  The  sulphide  is 
laed  in  making  the  red  rubber  tubing  and  stoppers  used  in  the  labora- 
oiy.  The  chlorides  {SbCl,  and  SbClJ  are  formed  by  the  action  of 
■hlorine  upon  the  metal ;  with  water  they  form  the  white  solids  called 
ixycblorides,  e.g.  SbOCl.  The  formation  of  antimony  oxychloride  is 
ometimes  used  as  a  test  for  antimony,  but  the  more 
he  formation  of  the  reddish  orange  sulphide  (Sb^Sj). 


Bismuth  is  usually  found  in  the  native  state,  though  it  is 
lot  abundant  nor  widely  distributed.  The  oxide  (BijOg),  or 
)ismite,  the  carbonate  ((BiO)2COg.H30),  or  bismutite,  and 
he  sulphide  (Bi^Sg),  or  bismuthmite,  are  the  common  ores. 
The  world's  supply  comes  from  Saxony. 

Bismuth  is  prepared  from  the  native  metal  by  melting  it  on  an 
ndined  plate  and  allowing  it  to  drain  away  from  the  solid  impurities. 
Sometimes  the  sulphide  is  roasted,  and  the  resulting  oxide  is  reduced 
with  charcoal,  as  in  the  case  of  antimony. 

Bismuth  has  characteristic  properties.  It  is  a  grayish  white  metal 
with  a  reddish  tinge.  Like  antimony,  it  is  very  brittle.  It  does  not 
tarnish  in  dry  air,  but  it  grows  dull  in  moist  air;  and  when  heated  in 
sur  it  bums  with  a  bluish  flame,  forming  the  yellowish  oxide  (BijO,). 
Its  specific  gravity  is  about  9.9.  Hydrochloric  add  does  not  readily 
attack  it,  but  nitric  add  converts  it  into  a  nitrate,  and  hot  sulphuric  add 
into  a  sulphate. 

Bismuth  melts  at  about  370°  C.  But  a  mixture  of  bismuth,  lead,  and 
tin  melts  at  a  low  tempera.ture.  For  example,  Newton's  metal  melts  at 
9S'  C.  and  Rose's  metal  at  100"  C. ;  while  Wood's  metal,  which  con- 
tains cadmium,  melts  at  only  66°  C.  -71°  C.  These  metallic  mixtures 
are  called  fusible  metals.  They  are  used  in  making  casts  of  wood 
cuts;  but  more  often  (()  as  safety  plugs  in  steam  boilers  to  prevent 
*»plnsions,  (2)  as  a  fuse  in  electrical  apparatus  to  prevent  a  short  ctr- 
<^uit,  and  (3)  to  hold  in  place  fireproof  doors  and  the  valves  in  the 
*ilomalic  sprinkling  apparatus  now  placed  in  large  buildings. 

Compounds  of  Bismuth.  —  Bismuth  forms  no  compound  with  hydro- 
gen.   There  are  three  oxides.    Bismuth  trioiide  (Bi,Os)  is  yellowish, 
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(he  pentoxide  (BLjO,)  is  orange  red,  and  the  dioxide  (BijOj)  is  black. 
Bismuth  trioxide  is  used  to  fix  the  gilding  on  porcelain.  The  trichloride 
(BiClj)  is  formed  by  the  action  of  chlorine  upon  bismuth,  or  by  ireal- 
ing  bismuth  with  aqua  regia.  With  an  excess  of  water  the  tricbloridt 
forms  the  osy chloride  (BiOCl),  which  is  a  peari-white  powder,  insoluble 
in  water.  The  formation  of  the  onychloride  is  the  usual  test  for  Wfr 
muth.  Bismuth,  being  a  metal,  forms  hydrozidee  (Bi(OH),  and 
BiO.OH).  Normal  bismuth  nitrate  (Bi(NOJ.O'  treated  with  hoi 
water,  forms  basic  bismuth  nitrate  (Bi(OH)^NOa  or  BitJNO,).  The 
latter,  often  called  subnitrate  of  bismuth,  is  a  white  powder  used  u  a 
medicine  for  dyspepsia  and  . 


EXERCISES. 

1.  What  is  the  symbol  and  atomic  weight  of  phosphonn  7    Ghti 

brief  hbtory  of  this  element.     Why  is  it  ao  named  ? 

2.  Discuss  the  occurrence  of  phosphorus. 

3.  Describe  the  manufacture  of  phosphorus  (a)  from  a  phospbiK 
and  sulphuric  acid,  and  {li)  by  the  electric  metliod-  Hov  13  il 
purified  ? 

4.  Summariie  the  properties  of  (a)  ordinary  phosphorus,  ukI 
{b)  red  phosphorus. 

5.  Describe  briefly  (a)  the  oxides  of  phosphorus,  (fi)  orthoplii* 
phoricacid,  {c)  metaphosphoric acid,  (rf)pyrophosphoricadd,(<)pfit8- 
phine,  (/)  the  phosphorus  chlorides. 

6.  What  is  (a)  tricalcium  phosphate,  (i)  microcosmic  salt,  {£)  'add 
phosphate"  ? 

7.  Describe  the  manufacture  of  (a)  sulphur  matches,  and  (^)  safelf 

8.  Discuss  the  relation  of  phosphorus  to  life. 

9.  What  is  a  fertilizer  ?  Name  three  natural  fertilizers.  Describe 
the  manufacture  of  artificial  fertilizer.     What  is  a  complete  fertilizer  ? 

10.  What  is  the  symbol  and  atomic  weight  of  arsenic  ? 

11.  Nameseveral  ores  of  arsenic.  With  what  metals  U  arsenic  ofeo 
associated  ? 

12.  Describe  the  preparation  and  slate  the  properties  of  the  arsenic- 

13.  What  is  the  formula  of  arsenic  trioxide  .'  By  what  other  oame! 
is  it  known  ?  Summarize  its  properties.  For  what  Is  It  used  ?  WW 
IB  the  antidote  for  arsenic  poisoning  ? 
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14.  What  b  (a)  Paris  green,  (b)  orpiment,  (c)  realgar  ?    For  what 
each  used  ? 

15.  Describe  Marshes  test  for  arsenic. 

16.  What  is  the  symbol  and  atomic  weight  of  antimony  ? 

17.  In  what  forms  does  antimony  occur  and  where  is  it  found  ?    De- 
aibe  its  preparation.    State  its  chief  properties. 

18.  What  is  tartar  emetic  ?    For  what  is  it  used  ? 

19.  Describe  the  test  for  antimony. 

20.  What  Is  the  symbol  of  bismuth  ?    How  does  it  occur  and  where 
it  found  ?    Describe  its  preparation.     State  its  properties. 

21.  State  the  relation  of  bismuth  hydroxide  to  bismuth  subnitrate. 
^escribe  the  latter. 

PROBLEMS. 

1.  Calculate  the  percentage  composition  of  (a)  sodium  phosphate 
NagPOJ,  (b)  dihydrogen  phosphate  (HgNaPO^),  (c)  disodium  phos- 
bate  (HNagPOJ,  (d)  microcosmic  salt  (HNaNH^POJ. 

2.  How  much  phosphorus  is  needed  to  remove  the  oxygen  from  a 
iter  of  air  ?  (Assume  (i)2P  +  50  =  PgO^  and  (2)  air  is  20  per  cent 
►xygen.) 

3.  How  much  phosphorus  is  there  in  a  ton  (2000  lb.)  of  bone  ash 

:Ca,(P04)2)? 

4.  If  a  skeleton  weighs  25  lb.  and  contains  60  per  cent  calcium 

Phosphate,  how  much  phosphorus  does  it  contain  ? 

5.  What  is  the  weight  of  a  cylindrical  stick  of  ordinary  phosphorus 
ocm.  long  and  15  mm.  in  diameter  ?  (Suggestion.  —  What  is  the  spe- 
ific  gravity  of  phosphorus  ?) 

6.  Calculate  the  percentage  composition  of  (a)  orpiment  (AsgOg), 
^)  realgar  (AsaSg),  (c)  white  arsenic  (As2S8)- 

7.  What  is  the  weight  of  a  piece  of  antimony  25  cm.  long,  15  cm. 
tade,  and  2  mm.  thick  ? 


CHAPTER  XX. 
METALS. 

Introduction. — The  elements  studied  thus  far  are  chiefly 
non-metals.  Metals,  however,  have  been  mentioned,  and 
many  of  their  properties  have  been  discussed.  It  is  the 
purpose  of  the  present  chapter  to  review  these  properties 
and  prepare  the  way  for  a  fuller  treatment  of  the'metals. 

Metals  and  Non-metals.  —  Many  years  ago  the  chem- 
ical elements  were  divided  into  two  classes,  called  metals 
and  non-metah.  The  division  was  based  largely  on  the 
physical  properties  of  the  elements.  The  opaque,  lustrous, 
more  or  less  heavy,  hard,  ductile,  malleable,  tenacious 
solids  were  called  metals.  All  gases  and  the  solids  such 
as  carbon,  sulphur,  phosphorus,  and  iodine  were  called 
non-metals.  No  such  sharp  diriding  line,  however,  csn 
be  drawn  between  metals  and  non-metals.  Some,  of 
course,  have  pronounced  properties,  like  the  non-metil 
sulphur  and  the  metal  iron.  These  are  typical.  But  i 
few  have  variabk  properties.  Sometimes  they  act  as 
metals  and  at  other  times  as  non-metals.  Antimony  and 
arsenic  belong  to  this  border-line  class ;  they  are  sometimes 
called  the  metalloids.  The  classification  into  metals  and 
non-metals  is  no  longer  accurate,  but  it  is  very  cbnvenient. 
The  use  in  common  life  of  the  words  metallic  and  ntiw 
seldom  leads  to  confusion. 

Properties  of  Metals.  —  The    physical    properties  of 

metals  are  familiar,  though  variable  between  wide  limits. 
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fve  a  metallic  luster,  i.e.  the  marked   property  of 

ing  light  from  their  polished  or  untarnished  surfaces, 

are  opaqud^  except  when  in  very  thin   films.     The 

of  many  is  white,  though   the   tint  varies.      Thus 

■odium,  aluminium,  mercury,  magnesium,  iron,  and 

Paiearly  pure  white,  and  bismuth  is  reddish  white. 

T  is  the  only  red  metal,  and  gold  the  only  yellow. 

hich  is  an  element.     Most  metals  are  malleable  and 

e,  i.e.  they  may  be  hammered  or  rolled  into  sheets 

■awn  into  wire.     Gold,  copper,  silver,  iron,  platinum, 

uminium  possess  both  these  properties  to  a  marked 

; ;  while  lead,  zinc,  and  tin  are  very  malleable  though 

:uctile.     Antimony  and  bismuth  are  brittle.     The 

of  raetais  varies.     At  the  ordinary  temperature 

is  a  liquid,  sodium  and  lead  can  be  cut  easily  with 

B,  and  so  on  through  the  list  up  to  iridium,  which  is 

:d  as  steel.     In  specific  gravity,  which   was  once 

it  to  be  very  high,  the  raetais  range  between  hthium, 

the  specific  gravity  0.534,  ^i^d  osmium,  which  has 

ific  gravity  22.48.     Sodium  and  potassium  also  are 

lan  water,  while  magnesium  has  the  specific  grav- 

and  aluminium  2.58.     Metals  are  good  conductors  " 

%X\&.  electricity.     They  also  vary  in  this  property. 

opper,  and  aluminium  are  the  best  conductors,  and 

■efore  many  practical  applications.      Bismuth  is 

pest  conductor. 

Istinctive  property  of  metals  is  not  physical,  but 
Metals  form  oxides  which  dissolve  in  water 
[nee  bases.  Metals  are  the  characteriitic  elements 
On  the  other  hand,  non-metals  form  acid-pro- 
M)m  pounds. 

:ence  of  Metals.  —  Only  a  few  metals  are  found 
earth's  crust,  and  these  are  seldom  pure.     Of 
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the  six  metals  known  to  the  ancients,  —  gold,  copper, ! 
tin,  iron,  and  lead,  —  only  gold  and  copper  are  found 
The  solid  elements  and  their  compounds  which  occ 
the  earth's  crust  are  called  minerals.  And  those  mir 
from  which  metals  can  be  profitably  extracted  are  ( 
ores.  The  most  abundant  classes  of  ores  are  oxide! 
phides,  carbonates,  and  hydroxides.  Lead,  zinc,  mei 
and  silver  sulphides  are  abundant.  Besides  native  co 
the  sulphide  and  carbonate  are  found.  Iron  occu 
oxide,  carbonate,  hydroxide,  and  sulphide.  Many 
contain  arsenic.     Some  ores  are  very  complex. 

Preparation  of  Metals.  —  The  series  of  operatioi 
which  useful  metals  are  extracted  from  their  ores  is  < 
metallurgy.  It  includes  preliminary  treatment,  srae 
electrolysis,  refining,  and  other  operations  necessa 
change  the  ore  into  a  metal  ready  for  manufacture 
useful  articles.  The  object  of  the  preliminary  t 
meat  is  to  prepare  the  ore  for  smelting  or  for  a  si 
operation  by  which  the  metal  is  obtained  in  a 
adapted  for  further  purification  or  refining.  The  ore 
comes  from  the  mine  is  usually  mixed  with  earthy  rr 
or  rock  called  gangue.  This  impurity  is  removed  b; 
chanical  or  chemical  processes,  sometimes  by  both, 
mechanical  process  illustrates  one  kind  of  preliminary  i 
ment.  The  ore  is  first  crushed  in  a  stamp  mill.  This 
huge,  heavy  mortar  and  pestle.  The  pestle  or  stamp 
repeatedly  upon  the  ore,  which  is  slowly  fed  into  the  in 
or  die.  A  current  of  water  (or  air)  forces  the  fine  pari 
out  of  the  mortar  through  a  sieve.  The  lighter  particl 
the  impurities  are  washed  away,  and  the  metallic  g 
are  extracted  by  another  mechanical  operation,  tbi 
chemical  processes  are  frequently  employed,  esp£C 
with  inferior  ores.     This  separation  of  the  valuable 
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fflfc  ore  from  the  gangue,  and  reducing  it  to  a  smaller 
ulk  is  often  called  ore  dressing  or  concentration.  Copper 
.  extracted  from  the  Lake  Superior  ores  mainly  by  this 
lethod  of  preliminary  treatment. 

Gold  and  silver  ores  are  treated  this  way,  and  then  ex- 
racted  from  the  slime  by  mercury.  The  latter  operation 
i  called  amalgamation.  The  most  common  method  of 
xtracting  metals  from  their  ores  is  by  smelting.  The 
irocess  varies  with  the  kind  and  composition  of  the  ore. 
issentially,  it  consists  in  heating  a  mixture  of  the  ore  and 
:oke  {or  coal)  in  a  furnace.  The  ores  used  must,  as  a  rule, 
K  oxides.  Sulphides,  hydroxides,  and  carbonates  are  first 
roasted  or  calcined  to  convert  them  into  oxides.  The 
sssential  chemical  change  in  smelting  is  a  reduction  of  the 
oxide  by  the  carbon.  The  carbon  and  oxygen  unite  and 
pass  off  as  a  gas,  leaving  the  metal  to  run  out  at  the  bot- 
tom. Limestone,  or  a  similar  substance,  called  a  flux,  is 
added  to  the  mixture,  if  necessary,  to  facilitate  the  melting 
and  to  assist  in  removing  the  impurities  as  a  glassy  sub- 
stance, called  slag.  The  operation  is  conducted  in  differ, 
ent  kinds  of  furnaces.  Iron,  for  example,  is  smelted  in  a 
huge  upright  furnace  called  a  blast  furnace  (Fig.  72), 
because  a  current  of  air  is  forced  through  the  melted  mass 
to  facihtate  the  fusion  and  chemical  changes.  In  such  a 
furnace  the  fuel  and  ore  are  in  direct  contact.  When  this 
is  undesirable,  the  reverberatory  furnace  is  used  (Fig.  54). 
As  the  figure  shows,  in  this  furnace  the  flame  is  reflected 
Of  reverberated  upon  the  ore  under  treatment.  In  this 
kind  of  furnace  the  ore  may  be  oxidized  or  reduced  with- 
out coming  in  contact  with  the  fuel-  Some  ores  demand 
special  methods,  which  will  be  described  in  connection 
*'th  these  metals.  Electrolysis  is  used  to  extract  some 
''letats,    especially    alumiuium.      Other    metals,    notably 
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4.  —  Reverberalory  furnace.  The  fiie 
n  the  gcBle,  G,  and  the  long  flame 
wbicli  passes  over  Ihe  bridge,  E.  is  reflecled 
down  by  Ihe  Elopine  roof  upon  Ihe  conlenls 
of  the  furnace.  Gasea  escape  through  /.  Tiie 
charge,  which  rest!  upon  B,  does  not  come 
in  contact  with  Ihe  fuel,  but  is  oxidi«d  or 
reduced  by  Ihc  flame. 
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copper,  are  purified 

electrolysis.  A  few  met- 
als are  extracted  by  3 
wet  process.  That  is, 
the  ores  are  dissolved, 
and  the  metal  is  precipi- 
tated by  adding  some 
substance  or  by  elec- 
trolysis. Thus,  inferior 
gold  ores  are  dissolved 
by  treatment  with  potas- 
sium cyanide,  and  the 
gold  is  then  precipitated 
by  zinc. 
Alloys  are  mixtures  or  compounds  of  two  or  more 
metals.  Some  fused  metals  mix  in  all  proportions,  while 
others  seem  to  form  definite  compounds.  The  properties 
of  alloys  vary  with  the  constituents  and  their  properties- 
Some  alloys,  especially  those  of  copper  and  of  lead,  have 
many  industrial  uses.  Alloys  in  which  mercury  is  a  con- 
stituent are  called  amalgams. 

EXERCISES. 

1.  Define  the  terms  /rufal  aad  tion-»u/al  as  ihey  are  ordinarily  used. 
Name  six  or  more  examples  of  each  class.  Define  and  illustrate  (be 
tertn  metalloid.     Why  is  this  classification  inaccurate? 

2.  State  the  familiar  physical  properties  of  metals.  Define  (tf) 
metallic  luster,  (i)  malleable,  (c)  ductile,  {d)  specific  gravity. 

3.  How  does  the  color  of  metals  differ  from  their  luster?  Name 
five  metals  which  are  white.  What  color  has  (a)  gold,  {fi)  copper,  {e) 
zinc,  (a)  lead,  (0  iron? 

4.  Wlat  metals  are  brittle?  Malleable?  Soft?  Hard?  Heavy! 
Light?     What  metals  conduct  electricity  well? 

5.  What  is  the  distiactlve  chemical  property  of  metaJs?  Of  nW 
metals?    Illustrate  your  answer. 
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6.  What  metals  are  often  found  free  in  nature?  Define  and  illus- 
trate the  terms  (a)  mineral,  and  (d)  ore.  What  are  the  most  abundant 
classes  of  ores? 

7.  What  metals  occur  abundantly  as  {a)  sulphides,  (J>)  oxides,  (c) 
carbonates? 

8.  Define  metallurgy.    What  general  operations  does  it  include? 

9.  What  is  the  object  of  the  preliminary  treatment  of  ores  ?  How 
is  it  accomplished  mechanically?  Define  {a)  gangue,  {b)  concentra- 
tion, {c)  amalgamation.  What  metal  is  often  extracted  {a)  mechanic- 
ally, (Ji)  by  amalgamation? 

10.  Define  smelting.  What  fundamental  chemical  change  does  it 
usually  involve?  Define  and  illustrate  {a)  calcination,  {b)  flux,  (c) 
slag. 

11.  Describe  {a)  a  reverberatory  furnace,  and  {b)  a  blast  furnace 
What  is  their  essential  difference  ? 

12.  What  is  the  wet  process  of  extracting  ores? 

13.  What  are  {a)  alloys,  (J))  amalgams? 

PROBLEMS. 

1.  What  is  the  specific  gravity  of  gold,  if  a  piece  weighs  4.676  gm. 
In  air,  and  loses  0.244  gn^*  when  weighed  in  water?     (Note.  —  Specific 

Lvity  equals  the  weight  in  air  divided  by  the  loss  of  weight  in  water.) 

2.  A  piece  of  aluminium  weighs  150  gm.  in  air  and  75  gm.  in  water. 
"What  is  its  specific  gravity? 

3.  A  piece  of  iron  weighs  292.8  gm.  in  air  and  255.3  gm.  in  water. 
"What  Is  its  spedfic  gravity? 

4.  A  piece  of  copper  weighing  50  gm.  in  air  lost  5.6  gm.  when 
weighed  in  water.    What  is  its  specific  gravity  ? 

5.  A  piece  of  lead  pipe  weighs  158.9  gm.  in  air  and  144.9  g™*  ^° 
i^yater.     Calculate  the  specific  gravity. 


Introduction.  —  Sodium  and  potassium,  and  the  l 
elements  littiium,  rubidium,  and  cesium,  form  a  nati 
group,  known  as  the  alkali  metals.  The  different  elemi 
and  their  corresponding  compounds  resenjbie  each  o^ 
closely. 

Sodium  and  potassium  were  discovered  by  Sir  Humphry  Da^ 
1807  by  the  electrolysis  of  their  hydroxides.  Bunsen,  by  means  0 
spectroscope,  discovered  lithium  in  1855,  casium  in  i860, and  rubi 


Occurrence.  —  Sodium  is  not  found  free.  Sodium  ( 
ride  and  sodium  nitrate  are  the  most  abundant  compou 
Many  rocks,  plants,  and  mineral  waters  contain  comb 
sodium.    About  3.5  per  cent  of  the  earth's  crust  is  sod 

The  symbol  of  sodium,  Na,  is  from  the  Latin  Word  natrium,  i 
in  turn  comes  from  the  Greek  word  aairan,  aa  old  name  of  SC 
carbonate. 

Preparation. — Sodium  is  now  manufactured  on  a  I 
scale  by  the  electrolysis  of  fused  sodium  hydroxide. 
method  was  used  by  Davy  in  1807  to  isolate  sodium. 
its  commercial  success  was  only  recently  made  possihl 
Castner.  Figure  55  is  a  sketch  of  the  apparatus  i 
The  body  of  the  steel  cylinder,  S,  rests  within  a  he 
flue.  Hence  the  sodium  hydroxide  is  solid  in  the  necl 
and  serves  to  protect  the  joint  made  by  the  iron  cat* 
3S4 
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C,  and  the  crucible.  A,  A  is  the 
iron  anode.  A  collecting  pot, 
P,  dips  into  the  molten  caustic 
soda.  As  the  electrolysis  pro- 
ceeds, the  sodium  formed  at 
C  collects  in  P,  and  a  wire 
gauze,  G,  G,  keeps  it  from  mix- 
ing with  the  caustic  soda. 
The  sodium  is  ladled  out  at 
intervals  from  P.  The  hy- 
drogen, which  is  liberated, 
accumulates  also  in  P  and 
prevents  the  sodium  from  oxi- 
dizing. The  hydrogen  some- 
times  escapes  and  explodes. 

Sodium  was  formerly  manufactured 
^lytwo  methods,  (i)  Sodium  car- 
TOBale  and  carbon  heated  to  a  high  temperature  change  thus  — 

NajCOj  +2C=2Na+  3  CO 

Sodium  Carbonate     Carbon       Sodium       Carbon  Monoxide 

.  P*  mitture  was  healed  in  iron  retorts,  and  the  sodium  vapor,  in  pass- 
i°g  through  a  flat  iron  receiver,  condensed  to  a  liquid,  which  was  col- 
"Sed  under  paraffin  or  mineral  oil.  (2)  The  oiher  chemical  method, 
Mvised  by  Castner  in  1886,  consisted  essentially  in  heating  sodium 
''yiiroxide  with  a  mixture  of  iron  and  carbon.  Probably  iron  carbide 
">»  the  essential  reducing  agent,  and  the  change  might  be  represented 
thus— 

6HaOH     +     FeC,     =    aNa   +  Fe  +    aNajCOj     +      3Hj 
^^W  Hy-      Iron  Car-     Sodium     Iron     Sodium  Car-      Hydrogen 
"Mlde  bide  bonale 

I  "Turtles.  —  Sodium  fs  a  silver-white  metal.  It  is  so 
I  Wit  that  it  may  be  easily  molded  with  the  fingers  and 
t    (^t  with  a  kaife.     It  floats  upon  water,  since  its  specific 


Fig.  ss. — Apparatus  for  the  manu- 
fecture  of  sodium  by  the  electrolysis 
of  sodium  hydroxide. 
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Sodium  Carbonate,  Na^COa,  is  next  to  sodium  1 
in  importance.  Small  quantities  of  hydrated  sodiii 
bonates  are  found  in  Egypt,  Russia,  and  in  Califon 
Nevada.  Formerly  it  was  obtained  from  the  as 
marine  plants,  but  sodium  chloride  is  now  the 
The  manufacture  of  sodium  carbonate  is  one  of  th 
extensive  chemical  industries.  Two  processes  an 
the  Leblanc  and  the  Solvay. 

The  Leblanc  Process  has  three  steps,  (i)  Sodium  chl 
changed  into  sodium  sulphate  by  sulphuric  add,  the  two  equa 
the  changes  being  — 

2  NaCl      +      HjSO,      ==      HNaSO,      +      HCI      + 
Sodium  Sulphuric        Add  Sodium  Hydrochloric     S 

Chloride  Add  Sulphate  Acid  CI 

HNaSO,  4-  Naa  =  Na^SO,  +  h 
Sodium  Sulphate 
This  operation  is  cilled  the  "salt  cake  process";  the  impu 
uct,  called  *'  salt  cake,"  contains  about  95  per  cent  of  sodiunj  : 
The  hydrochloric  acid  is  a  by-product  (see  Hydrochloric  Acii 
The  sodium  sulphate  is  changed  into  sodium  carbonate  by  he: 


sented  by  the  equatio 

ns- 

NajSO,          + 

3C 

Na„S           +           2 

Sodium  Sulphate 

Carbon 

Sodium  Sulphide     Carbon 

Na^S         + 

CaCO,i 

Na,CO,         -1-         C 

Sodium 

Lime- 

Sodium                 Ca 

Sulphide 

stone 

Carbonate                  Sul 

This  operation  is  called  the  *'  black  ash  process."  The  prw 
dark  brown  or  gray  porous  mass,  and  contains,  besides  37  to  45 
of  sodium  carbonate,  considerable  calcium  sulphide  and  othei 
ties.  The  calcium  sulphide  is  a  source  of  svilphur  (see  Sulpfiu 
The  sodium  carbonate  is  rapidly  separated  from  the  insoluble 
of  the  "black  ash"  by  extraction  with  a  rcgidaled  stream  ri 
The  solution  of  sodium  CAtbona.Ve  vWa  (Jo\.akiei\a 
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taUlzation,  and  the  crude  crystals  are  ignited.  This  product  is  known 
as  soda  ash,  and  from  its  solution  in  water  are  obtained  soda  crystals 
or  sal  soda  (NajCO, .  10  H2O). 

The  Solyay  Process,  often  called  the  ammonia-soda  process,  con-    • 
sists  in  saturating  ^  cold  concentrated  solution  of  sodium  chloride  first 
with  amnaoiiia^gas  and  then  with  carbon  dioxide  gas.    The  equation 
for  the  chemical  change  is  — 

H2O    +     NaQ     +     NH3    +    CO2     =     HNaCOg     +     NH^Cl 

Water        Sodium      Ammonia    Carbon      Acid  Sodium     Ammonium 
Chloride  Dioxide       Carbonate  Chloride 

The  add  sodium  carbonate  is  nearly  insoluble  in  the  cold  ammonium 
chloride  solution,  and  therefore  separates.  It  is  changed,  by  heating, 
into  sodium  carbonate,  thus  — 

2HNaC08         =         NajCOg         +         COg         -f         Up 

Add  Sodium  Sodium  Carbon  Water 

Carbonate  Carbonate  Dioxide 

The  liberated  carbon  dioxide  is  used  again,  and  from  the  ammonium 
chloride  the  ammonia  is  recovered  and  also  used. 

Properties  and  Uses  of  Sodium  Carbonate. —  Crystal-  \ 
lized  sodium  carbonate  (NagCOg.  10  HgO)  is  often  called    ^ 
alkali  or  soda.     It  loses  water  in  the  air,. becoming  dull    / 
^t  first  and  finally  falling  to  a  powder.     When  heated,  it 
^elts  in  its  water  of  crystallization,  and  continued  heating 
changes  it  into  the  white  anhydrous  salt(Na«C08).     It  is 
soluble  in  water,  and  the  alkaline  solution  is  used  as  a 
cleansing  agent ;  hence  the  name  washing  soda. 

The  alkalinitj^  of  sodium  carbonate  solution  is  due  to  hydrolysis. 
Sodium  carbonate  ionizes  into  2  Na+  and  CO3 — ,  but  the  unstable 
COs-ions  form  HCOa-ions  with  the  H-ions  from  the  slightly  dissociated 
^ter.  This  removal  of  H-ions  finally  leaves  in  the  solution  sufficient 
OH-ions  to  produce  alkalinity. 

Sodium  Bicarbonate,  HNaCOg,  is  a  by-product  of  the 
Solvay  process,  and  it  may  also  be  prepared  by  treating 
^crystallized  sodium  carbonate  with  carbon,  dio^d^  ?;aL^.    ^X. 
^3  white  powder,  less  soluble  in  water  than.  t\i^  x^oxxcv2X 
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Sodium  Carbonate.  NajCOg,  is  next  to  sodium  chloride 
in  importance.  Small  quantities  of  hydrated  sodium  car- 
bonatiis  are  found  in  Egypt,  Russia,  and  in  Calif ornia  and 
Nevada.  Formerly  it  was  obtained  from  the  ashes  of 
marine  plants,  but  sodium  chloride  is  now  the  source. 
The  manufacture  of  sodium  carbonate  is  one  of  the  most 
extensive  chemical  industries.  Two  processes  are  used, 
the  Leblanc  and  the  Solvay. 

The  Leblanc  Process  has  three  steps,  (i)  Sodium  chloride  is 
changed  into  sodium  sulphate  by  sulphuric  acid,  the  two  equations  fo' 
the  changes  beings 

2  NaCl      +      H^SO,      =      HNaSOj      +      HCI      +      NaO 
Sodium  Sulphuric         Acid  Sodium   Hydrochloric     Sodium 

Chloride  Add  Sulphate  Acid  Chloride 

HNaSO,  +  NaO  =  Na^SO,  +  HQ 
Sodium  Sulphate 
This  operation  is  called  the  "salt  cake  process";  the  impure  pro<i' 
uct,  called  "  salt  cake,"  coutaios  about  95  per  cent  of  sodium  sulphJ* 
The  hydrochloric  add  is  a  by-product  (see  Hydrochloric  Acid).  (3) 
The  sodium  sulphate  is  changed  into  sodium  carbonate  by  heating^ 
"salt  cake"  with  coal  and  limestone,  the  main  changes  being  re[W' 
sented  by  the  equations  — 

Na,SO,  +  2  C  =  Na,,S  +  2  CO, 

Sodium  Sulphate  Carbon         Sodium  Sulphide    Carbon  Dloin'i' 

Na.S 


CaCO, 

=           Na,CO, 

-^ 

CaS 

Lime- 

Sodium 

Calcium 

stone 

Carbonate 

Sulphide 

Sulphide 

This  operation  is  called  the  "  black  ash  process."  The  product  is ' 
dark  brown  or  gray  porous  mass,  and  contains,  besides  37  to  45  petceol 
of  sodium  carbonale,  considerable  calcium  sulphide  and  other  itnpun' 
ties.  The  calcium  sulphide  ia  a  source  of  sulphur  (see  Sulphur).  U) 
The  sodium  carbonate  is  rapidly  separated  from  the  insoluble  portiO"* 
of  the  "  black  ash "  by  exWaction  with  a  regulated  stream  of  •'If'- 
The  solution  of  sodium  carVionale  l.\ma  ci'D^:avQei'\a  eN'i'5^jT;.\Eii  to  crys- 
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lization,  and  the  crude  crystals  are  ignited.  This  product  is  known 
soda  ash,  and  from  its  solution  in  water  are  obtained  soda  crystals 
sal  soda  (NajCO, .  10  UjO). 

The  Solyay  Process,  often  called  the  ammonia-soda  process,  cen- 
ts in  satuEatiug  a  cold  concentrated  solution  of  sodium  chloride  first 
th  amiQOBia.  gas  and  then  with  carbon  dioxide  gas.  The  equation 
:  the  chemical  change  is  — 

I2O    +     NaCl     +     NHg    4-    COg     =     HNaCOg     +     NH4CI 

ater        Sodium      Ammonia    Carbon      Acid  Sodium      Ammonium 
Chloride  Dioxide       Carbonate  Chloride 

le  acid  sodium  carbonate  is  nearly  insoluble  in  the  cold  ammonium 
loride  solution,  and  therefore  separates.  It  is  changed,  by  heating, 
^0  sodium  carbonate,  thus  — 

2HNaC08         =         NajCOg         +         COg         +         UjO 

Acid  Sodium  Sodium  Carbon  Water 

Carbonate  Carbonate  Dioxide 

le  liberated  carbon  dioxide  is  used  again,  and  from  the  ammonium 
loride  the  ammonia  is  recovered  and  also  used. 

Properties  and  Uses  of  Sodium  Carbonate. —  Crystal-  \ 
'ed  sodium  carbonate  (NagCOg.  10  HgO)  is  often  called 
kali  or  soda.  It  loses  water  in  the  air,. becoming  dull  ; 
first  and  finally  falling  to  a  powder.  When  heated,  it 
elts  in  its  water  of  crystallization,  and  continued  heating 
langes  it  into  the  white  anhydrous  salt(Na2C08).  It  is 
luble  in  water,  and  the  alkaline  solution  is  used  as  a 
-ansing  agent ;  hence  the  name  washing  soda. 

The  alkalinitj^  of  sodium  carbonate  solution  is  due  to  hydrolysis, 
dium  carbonate  ionizes  into  2  Na+  and  CO3 — ,  but  the  unstable 
Vions  form  HCOs-ions  with  the  H-ions  from  the  slightly  dissociated 
ter.  This  removal  of  H-ions  finally  leaves  in  the  solution  sufficient 
i-ions  to  produce  alkalinity. 

Sodium  Bicarbonate,  HNaCOs,  is  a  by-product  of  the 
>lvay  process,  and  it  may  also  be  prepared  by  treating 
ystallized  sodium  carbonate  with  carbon,  dioxide,  ^'as*.    W. 
I  white  powder,  less  soluble  in  water  tViaa  t\^^  Tv.oxxa2\ 
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carbonate.  When  heated  or  when  mixed  with  : 
an  acid  salt,  sodium  bicarbonate  gives  up  carbon  dioxidi 
This  property  early  led  to  its  use  in  cooking,  and  gives  ih 
names  cookiiig  soda,  baking  soda,  or  simply  soda. 

Sodium  bicarbonate  U  one  ingredient  of  baking  powder  and  of  li 
various  mixtures  (except  yeast)  used  to  raise  bread,  cake,  and  olhi 
food.  Since  cream  of  tartar  is  slightly  acid,  it  is  usually  used  10  libe 
ate  the  gas.  Sour  milk,  which  contains  lactic  acid,  is  sometimes  uK 
in  place  of  cream  of  tartar.  When  pastry  is  raised  with  soda  and  creai 
of  tartar,  the  escaping  carbon  dioxide  puffs  up  the  dough.  Hence  bil 
ing  soda  is  often  called  saleratus  —  the  salt  which  aerates  (from  it 
Latin  words  sal,  salt,  and  aer,  air  or  gas).  Effervescing  powders,  sue 
as  Seidlitz  (or  Rochelle)  and  soda  powders,  contain  sodium  bicariwl 
ate  in  one  paper  and  tartaric  acid  or  one  of  its  add  salts  in  the  othE 
When  these  are  mixed  in  water,  carbon  dioxide  is  liberated.  Sodiui 
bicarbonate  is  used  as  a  medicine  to  neutralize  an  acid  stomach.  F( 
example,  the  "  soda  mints  "  sometimes  taken  for  this  purpose  are  maiul 
sodium  bicarbonate. 

Sodium  Hydroxide  or  Caustic  Soda,  NaOH,  is  a  whit 
corrosive  solid.  It  absorbs  water  and  carbon  diosid' 
rapidly  from  the  air.  It  dissolves  readily  in  water,  will 
rise  of  temperature,  and  the  solution  is  strongly  alkalint 
It  melts  easily,  and  is  often  cast  into  sticks  for  use  in  til' 
laboratory.  Immense  quantities  are  used  in  making  han 
soap,  paper,  and  dyestuffs ;  in  bleaching,  and  in  refinini 
kerosene  oil. 

Sodium  hydroxide  was  formerly  manufactured  by  treating  sodinf 
carbonate  with  calcium  hydroxide.  Lime  is  added  to  a  boiling  dil"' 
solution  of  soda  ash,  and  the  main  change  is  represented  thus  — 

Ca(OH)B     +      Na,COs     =     3  NaOH     +     CaCO, 
Calcium  Sodium  Sodium  Calcium 

Hydroxide  Carbonate        Hydroxide       Carbonate 

The  solution  of  sodium  hydroxide  is  separated  from  the  iDSolid]l«0 
dum  carbonate,  and  concentrated  by  heating  in  iron  kettlesMMi 
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sired  strength  or  until  the  mass  tiecomes  stilf.  Air  is  then  blown  in  or 
sodium  nitrate  added  to  oxidize  sulphides  to  sulphates.  After  standing 
sei'eral  hours  to  allow  other  impurities  to  settle,  the  caustic  soda  is  put 
iBlo  iron  barrels  called  drams.  It  solidifies  on  cooling,  and  the  drums 
are  at  once  sealed  to  keep  out  the  air. 

Sodium  hydroxide  is  now  manufactured  on  a  large  scale 
at  Niagara  Falls,  New  York,  by  the  electrolysis  of  sodium 
chloride,  according  to  the  equation  — 


NaCl    +    H3O 

=     NaOH  + 

CI       +        H 

Sodium 
Chloride 

Sodium 
Hydroxide 

Chlorine        Hydrogen 

The  apparatus  is  shown  in  Figure  56.  The  carbon  anodes 
{A,  A)  pass  into  the  outer  compartments  which  contain 
Mae,  and  the  iron  cathodes  into  the  middle  compartment 
which  contains  sodium  hydroxide  solution.     When  the  cur- 


tesy— Apparatus  for  (he  manufeolure  of  sodium  hydrojdde  by  the  electrolysis 
of  lodiiim  chloride. 

''fint  passes,  chlorine  is  evolved  at  the  anodes  and  flows  out 
'hroggh  pipes  (not  shown),  and  sodium  is  produced  on 
^le  surface  of  the  mercury  (M)  which  covers  the  floor 
^S  the  whole  apparatus.     The  sodium  forms  an  amalgam 
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with  the  mercury,  and  by  rocking  the  apparatus  on  the  ■ 
device,  B,  B,  the  sodium  amalgam  flows  into  the  compart- 
meat,  D,  where  the  sodium  is  liberated  by  the  action  of  the 
electric  current,  which  passes  between  the  cathode  and 
the  amalgam.  The  sodium  reacts  with  the  water  forming 
hydrogen,  which  passes  off  through  pipes  (not  ehown)  and 
sodium  hydroxide,  which  flows  into  a  special  tank.  Botb 
the  chlorine  and  sodium  hydroxide  are  nearly  pure.  The 
solution  of  caustic  soda  is  finally  treated,  if  necessary,  as  in 
the  older  process. 

Sodium  Sulphate,  Na^SOj,  is  one  of  the  products 
obtained  in  the  manufacture  of  sodium  carbonate  (sM 
above). 

In  another  method,  sulphur  dioxide,  steam,  and  air  are  passed  inU , 
hot  sodium  chloride.  And  at  Stassfurt,  magnesium  sulphate  and  sodiml 
chloridi:  are  allowed  to  interact  in  the  cold,  thus  — 

MgSOj     +    2NaCI     =      Na^SO^      +       MgCl, 
Magnesium        Sodium  Sodium  Magnesium 

Sulphate  Chloride  Sulphate  Chloride 

Sodium  sulphate  is  a  white  anhydrous  solid.  It  dissolves 
readily  in  water,  and  when  a  strong  solution  made  at  30"  C. 
is  cooled,  large  transparent  bitter  crystals  separate.  They 
have  the  formula  NajSO^,  loHjO  and  are  called  Glau- 
ber's salt,  from  the  discoverer.  They  lose  water  when 
exposed  to  air,  and  the  salt  continues  to  effloresce  until" 
becomes  an  anhydrous  powder.  The  crude  salt  is  used  in 
the  glass  and  dyeing  industries,  and  the  purified  salt  as  i 
medicine. 

Sodium  Nitrate,  NaNOg,  is  found  abundantly  in  ChiB, 
and  is  often  called  Chili  saltpeter.  It  is  a  white  solid, 
which  becomes  moist  in  the  air.  Large  quantities  are  used 
as  a  fertilizer,  either  alone  or  mixed  with  compounds  of 
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Dtassium  and  of  phosphorus,  and  for  making  nitric  acid 
id  potassium  nitrate. 

The  natural  deposits  are  in  a  dry  region  near  the  coast  and  cover 
er  200,000  acres.  Chili  controls  the  industry,  and  exports  annually 
er  a  million  tons.  The  crude  salt,  which  looks  like  rock  salt,  is  puri- 
d  by  crystallization  into  a  product  containing  94-98  per  cent  of  the 
trate.    The  final  mother  liquor  is  a  source  of  iodine  (see  Iodine). 

Soditun  Dioxide  or  Peroxide,  Na^Og,  is  a  yellowish  solid.  It  is  used 
bleach  straw  and  delicate  fabrics.  With  water  it  liberates  oxygen, 
cording  to  the  equation — 

NagOa         +     HaO     =       O       +  2NaOH 

Sodium  Dioxide  Oxygen       Sodium  Hydroxide 

Miscellaneous.  —  Sodium  cyanide  (NaCN)  is  used  to  extract  gold 
)m  poor  ores.  Sodium  monoxide  (NagO)  is  a  grayish  solid.  The 
dium  phosphates,  sodium  thiosulphate,  acid  sodium  sulphite,  sodium 
icate,  and  sodium  tetraborate  or  borax  have  been-described. 

POTASSIUM. 

Occurrence.  —  This  metal  is  not  found  free,  but  its  com- 
)unds  are  abundant.  The  minerals  mica  and  feldspar 
:e  silicates  containing  potassium.  By  the  decay  of  these 
id  other  minerals,  potassium  compounds  find  their  way 
to  the  soil,  thence  into  plants  and  animals.  Potassium 
ilts  are  found  in  wood  ashes,  in  suint,  —  the  oily  substance 
ashed  from  sheep's  wool,  —  in  beet-sugar  residues,  and  in 
le  deposits  in  wine  casks.  Sea  water  and  mineral  waters 
>ntain  potassium  salts,  particularly  potassium  chloride 
id  potassium  sulphate.  Many  potassium  salts  are  found 
Stassfurt.  About  2.5  per  cent  of  the  earth's  crust  is 
itassium. 

The  Stassfurt,  deposits  of  the  salts  of  potassium  and  other  metals 

!  near  Magdeburg,  Germany.    About  i6  different  salts  make  up 

beds,  which  are  nearly  5000  feet  thick.    The  deposits  were  doubt- 

i  formed  by  the  evaporation  of  sea  water,  though  the  different  simpler 
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salts  interacted,  forming 


^ 


Uescnptive 


ptn 


:  Chei 


IS  try. 


The  J 


t  important  salt) 


Kainite  .  .  . 
Camallite  .  . 
Polyhalite  .  . 
Sylvite  .  .  . 
Picromerite  . 


2H,0. 


complex 

.  KCl,  MgSOj .  3  H»0. 

.  KCl,  MgCl„  .  6  Hjb. 

.  KjSOj,  MgSO,,  2  CaSO^ 

.  KCl. 

.  KjSOi,  MgSO,  .6H.0. 
The  name  potassium  comes  from  the  word  polash.     The  syinbd,  Ki 
is  from  kaliiim.,  the  Latin  equivalent  of  kali,  which  is  derived  from  M 
Arabic  term  for  an  alkaline  substance. 

Preparation.  —  Potassium  is  now  obtained  by  the  electrolysis  o! 
potassium  hydroxide.  Formerly  it  was  manufactured,  like  sodiutii 
by  heating  to  a  high  temperature  a  mixture  of  potassium  carbooal' 
and  carbon  or  of  potassium  hydroxide  and  iron  carbide  (see  lUiila 
Sodium  J. 

Properties.  —  Like  sodium,  potassium  is  a  soft,  silver- 
white  metal,  light  enough  to  float  upon  water  —  the  specific 
gravity  being  0.86.  Its  brilliant  luster  soon  disappears  in 
air,  owing  to  rapid  oxidation.  Potassium  as  ordinarily 
seen  is,  therefore,  covered  with  a  grayish  coating,  and,  like 
sodium,  must  be  kept  under  mineral  oil.  It  melts  at  62.5° 
C,  and  at  a  higher  temperature  burns  with  a  violet-colored 
flame.  This  color  is  characteristic  of  burning  potassimHp 
and  is  a  test  for  the  metal  and  its  compounds.  Like 
sodium,  it  decomposes  water  at  ordinary  temperature, 
though  more  energetically.  The  heat  evolved  immediaiei]' 
ignites  the  hydrogen,  and  the  melted  potassium  surroiimlfiii 
by  a  violet  flame  dashes  to  and  fro  upon  the  cold  watW' 
The  main  reaction  corresponds  to  the  equation  — 

K        +   HjO     =  KOH  +         H 

Potassium         Water  Potassium  Hydroxide         Hydrogen 

Potassium  combines  with  the  halogens  and  other  ele- 
ments more  vigorously  than  sodium,  and  forms  analogous 
compounds. 
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lassium  Chloride,  KCI,  is  found  native  in  the  Stass- 
leposits.  It  is  also  obtained  in  large  quantities  by 
iposing  carnallite  and  crystallizing  the  potassium 
de  from  the  more  soluble  magnesium  chloride.  It  is 
ite  solid  which  crystallizes  in  cubes  and  otherwise 
bleG  sodium  chloride.  It  is  used  chiefly  to  prepare 
potassium  salts,  especially  the  nitrate  and  chlorate. 

Lssium  bromide  and  potassium  iodide  have  been  described  (see 
r  XVI). 

assium  Nitrate,  KNOg,  is  also  called  niter  and  salt- 
It  is  formed  in  the  soil  of  many  warm  countries 
e  decomposition  of  nitrogenous  organic  matter  (see 
ication). 

now  made  by  mixing  hot,  concentrated  solutions  of  native  so- 
itrate  and  potassium  chloride,  which  interact  thus  — 


MOa 
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KCI 

KNO3 

+ 

NaCl 

ium 

Potassium 

Potassium 

Sodium 

rate 

Chloride 
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Chloride 

dium  chloride,  being  less  soluble,  separates,  and  is  removed.  By 
ation,  small  crystals  of  potassium  nitrate,  called  "  niter  meal,"  are 
id,  and  further  purified  by  recrystallization. 

assium  nitrate  is  a  white  solid.  It  dissolves  easily  in 
^ater  with  a  fall  of  temperature,  and  very  freely  in  hot 
,  but  it  is  not  hygroscopic.  It  is  crystalline,  but  con- 
no  water  of  crystallization.  The  taste  is  salty  and 
g.  It  melts  at  339°  C,  and  further  heating  changes 
►  potassium  nitrite  (KNOg)  and  oxygen.  At  a  high 
;rature,  potassium  nitrate  gives  up  oxygen  readily, 
ially  to  charcoal,  sulphur,  and  organic  matter.  This 
ing  power  leads  to  its  extensive  use  in  making  gun- 
jr,  fireworks,  matches,  explosives,  and  in  many  chemi- 
aerations. 
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Gunpowder  is  a  mixture  of  potassium  nitrate,  charcoal,  and  sulphor. 
The  ingredients  are  first  purified,  pulverized,  and  thoroughly  mad- 
This  mijtture  is  pressed,  while  damp,  into  a  thin  sheet ;  and  the  "press 
cake"  thus  formed  is  broken  into  small  grains,  which  are  sorted  W 
sieves.  The  grains  are  then  smoothed  or  "  glazed  "  by  rolling  thera  in 
a  barrel,  again  sifted,  and  finally  dried  at  a  low  teroperaturs,  Tiiepni- 
portions  differ  with  the  use  of  '.he  powder.  The  United  Slates  army 
standard  black  powder  contains  75  per  cent  of  potassium  nitrate,  15  of 
charcoal,  and  10  of  sulphur.  When  gunpowder  burns  in  a  closed  space, 
a  large  volume  of  gas  is  suddenly  formed.  So  enormously  is  this  gas 
expanded  by  the  heat  that  it  would  fill  several  hundred  times  the  space 
taken  by  the  powder  itself  The  pressure  exerted  by  this  expanding  gas 
is  many  tons.  It  is  this  ptessiire  which  forces  the  ball  irom  a  cannon 
and  tears  a  rock  to  pieces.  The  chemical  changes  attending  tfie  explo- 
sion of  gunpowder  in  a  closed  space  are  complex,  as  may  be  seen  by  the 
fblloxving  (approximate)  equation :  — 

16  KNO^  +  21  C  +  5  S  =  5  KjCO,i  +  KzSOi  +  a  KaSa  +  13  CO4  + 
3  Ni  +  3  CO 
Probably  secondary  reactions  produce  other  gases  besides  carbon  dio* 
ide  and  nitrogen. 

Potassium  Chlorate,  KCIO3,  is  a  white,  crystallized,  lus- 
trous solid.  It  tastes  like  potassium  nitrate.  It  melts  at 
334°  C,  and  at  a  high  temperature  decomposes  into  oxygen 
and  potassium  chloride  as  final  products,  thus  — 

KCIOg  =  KCI  +      3O 

Potassium  Chlorate  Potassium  Chloride  Oxygen 

It  is  used  to  prepare  oxygen,  and  in  the  manufacture"' 
■   matches  and  fireworks.     In  the  form  of  "  chlorate  of  potash 
tablets  "  it  is  used  as  a  remedy  for  sore  throat 

Potassium  chlorate  is  manufactured  by  passing  chlorine  into  caro* 
hydroxide  (milk  of  lime)  and  adding  potassium  chloride  to  the  mixlili^ 
The  simplest  equations  for  the  complex  changes  may  be  written  thus!" 

(i)  6  Ca{OH),  +  6  Qj  =  CalQO,),        +         5  CaQ,     +    6^ 
Calcium  Calcium  Calcium 

Hydroxide  Chlorate  Chloride 
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P  3  CatClO),  =  CaCCiOj),  +        z  CaCl, 

Calcium  Hypochlorite  Calcium  Chlorate 

»   Ca(C103),       +       a  KCI         =  2  KClOg  +         CaO, 

Potassium  Clilorate 
Thesalt  isatsomadeby  the  electrolysis  of  a  hot  solution  of  potassium 
oride,  though  It  has  been  found  more  satisfactory  to  first  prepare 
lium  chlorate  and  convert  this  salt  into  potassium  chlorate  by  po 
sium  chloride. 

Potassium  Carbonate,  K^COg,  is  a  white  solid.  It 
iliquesces  in  the  air,  is  very  soluble  in  water,  and  the 
lution  has  a  strong  alkaline  reaction.  It  was  formerly 
itained  by  treating  wood  ashes  with  water,  and  evaporating 
e  solution  to  dryness.  The  crude  salt  thus  obtained  has 
ng  been  called  potash,  and  a  purer  product  is  known 
•  pearlash.  (The  term  potash  is  sometimes  applied  to 
itassium  oxide,  K3O.)  It  is  used  extensively  in  the  manu- 
icture  of  hard  glass,  soft  soap,  caustic  potash,  and  other 
atassium  compounds. 

Potassium  carbonate  is  obtained  from  auint  by  igniting  the  greasy 
dss  and  extracting  the  potassium  carbonate  with  water.  Beet-sugar 
sidues  also  fiimish  potassium  carbonate.  After  the  sugar  has  been 
itained  fi-om  the  beet  sirup,  the  molasses  is  changed  by  fermentation 
ito  alcohol,  which  is  distilled  off;  the  liquid  residue  is  evaporated  to 
rjness  and  ignited,  and  the  potassium  carbonate  extracted  with  water, 
"re  potassium  carbonate  is  prepared  by  igniting  cream  of  tartar  made 
ora  the  deposits  in  wine  casks.  All  these  sources  emphasize  the  inti- 
'3te  relation  of  potassium  compounds  to  vegetable  and  animal  life. 
he  bulk  of  the  potassium  carbonate  is  now  made  from  potas.sium  sul- 
fate or  from  the  chloride  by  the  Leblanc  process,  owing  to  the  abun- 
ince  of  crude  potassium  salts  at  Stassturt. 

Potassium  Hydroxide  or  Caustic  Potash,  KOH,  is  a 

hite  brittle  solid,  resembling  caustic  soda.  It  absorbs 
ater  and  carbon  dioxide  very  readily :  and  if  exposed 
)  the  air,  soon   becomes  a  tliick  solution  of  potassium 
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carbonate.  Like  sodium  hydroxide,  it  dissolves  in  wai 
with  evolution  of  heat,  forming  a  strongly  alkaline,  caustic 
solution.  It  is  one  of  the  strongest  bases,  even  glass  and 
porcelain  being  corroded  by  it.  Besides  its  use  in  the  labo- 
ratory, large  quantities  are  consumed  in  making  soft  soap, 

Potassium  hydroxide  was  formerly  made  in  the  same  way  as  sodium 
hydroxide,  viz.  by  adding  lime  or  milk  of  lime  to  a  boiling  dilute  solulioo 
of  potassium  carbonate,  the  equation  for  the  change  being :  — 
Ca(0H)2  +  K=CO,  =  2  KOH  +  CaCOi 

Milk  of  Potassium  Potassium  Caldum 

Lime  Carbonate  Hydroxide  Carbonale 

It  is  now  made  by  tlie  electrolysis  of  a  solution  of  potassium  diloride. 

HisceUoneous.  —  Potassium  Cyanide  (KCN)  is  a  white  solid,  verj 
poisonous,  very  soluble  in  water,  and  having  an  odor  like  bitter  altDOnds 
(see  Cyanogen,  Chapter  XIV).  PotaBBium  Sulphate  ( KaSO,}  is  maiW- 
factured  from  kainite,  and  is  largely  used  as  a  fertilizer  and  in  making 
potassium  carbonate. 

Relation  of  Potassium  to  Life.  —  Potassium,  like  nitro- 
gen and  phosphorus,  is  essential  to  the  life  of  plants  am! 
animals.  The  ash  of  many  common  grains,  vegetables,  and 
fruits  contains  potassium  as  the  carbonate.  Potassium  sails 
are  supposed  to  assist  in  the  formation  of  starch,  just  as 
phosphorus  is  indispensable  to  the  transformation  of  nitro- 
gen compounds.  Potassium  salts  taken  from  the  soil  bv 
plants  must  be  returned  if  the  soil  is  to  be  productive. 
Sometimes  crude  kainite  is  used  extensively  as  a  fertilizer; 
but  wood  ashes,  or  the  sulphate  and  chloride,  are  often 
used  to  supply  potassium  salts. 

Lithium,  Li.  is  a  silver-white  metal  and  has  the  specific  gravity  o( 
only  .534.  It  is  the  lightest  of  the  metallic  elements.  Its  compoult's 
are  widely  distributed  in  small  quantities  in  minerals,  mineral  waieni 
and  plants.  Lithja  water  and  citrate  of  lithium  are  often  prescribed  m 
a  remedy  for  diseases  of  the  kidneys.  Litiiium  compounds  colocAjl: 
Buiisen  Hatne  bright  red  —  a  delicate  teat  for  the  metal. 
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Rubidium  and  Caesium,  Rb  and  Cs,  have  properties  and  form  com- 
ads  analogous  to  those  of  potassium. 


EXERCISES. 

1.  Name  the  alkali  metals.    What  is  the  symbol  of  each  ?    When 
by  whom  was  each  discovered  ? 

2.  What  are  the  important  compounds  of  sodium  ?    What  per  cent 
be  earth^s  crust  is  sodium  ? 

3.  Describe  the  manufacture  of  sodium  by  electrolysis.    Describe 
older  methods  of  manufacture. 

4.  Summarize  (a)  the  physical  properties,  and  (d)  the  chemical 
parties  of  sodium.    How  is  it  usually  kept  ?    For  what  is  it  used  ? 

5.  Discuss  the  interaction  of  sodium  and  water  (see  Chapter  V). 

6.  Give  the  chemical  name  and  formula  of  common  salt.    Where  Is 
)und  ? 

7.  Describe  the  different  methods  of  preparing  salt.    State  (a)  the 
parties,  and  (d)  the  uses  of  salt. 

8.  Discuss  the  manufacture  of  sodium  carbonate  by  (a)  the  Le- 
ic  process,     (d)  By  the  Solvay  process. 

9.  What  is  (a)  soda,  (d)  soda  ash,  (c)  salt  cake,  (d)  soda  crystals, 
sal  soda,  (/)  washing  soda,  (g)  "  alkali "  ? 

0.  State  the  properties  and  uses  of  sodium  carbonate. 

1.  Describe  the  preparation,  and  state  (a)  the  properties,  and  (^) 
uses  of  sodium  bicarbonate. 

2.  What  is  (a)  acid  sodium  carbonate,  {d)  saleratus,  (c)  baking 
der,  (d)  baking  soda,  (g)  caustic  soda  ? 

3.  State  the  properties  and  uses  of  sodium  hydroxide. 

|.   Describe  the  manufacture  of  sodium  hydroxide  (a)  from  lime 

sodium  carbonate,  and  (d)  by  electrolysis  of  sodium  chloride. 

J.  How  is  sodium  sulphate  manufectured  ?    State  its  properties 

uses. 

y.  Where  is  sodium  nitrate  found  ?    State  its  properties  and  uses. 

r.  Review  briefly  (a)  sodium  thiosulphate,  (d)  water  glass,  (c) 

LX. 

I  What  is  a  simple  test  for  (a)  sodium,  and  (d)  potassium  ? 
).   Give  the  formula  of  (a)  sodium  carbonate,  (d)  sodium  chloride, 
sodium  sulphate,  (ci)  sodium  hydroxide,  (e)  sodium  bicarbonate, 
Glauber's  salt,  (g)  sodium  nitrate. 
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20.   Discuss  the 


mpounds. 


21.  Discuss  ttie  StassfuTt  deposits 

22.  How  is  potassium  prepared  ?  State  (a)  its  pliysical  pro 
and  (d)  its  chemical  properties. 

23.  Describe  the  interactioo  of  potassium  aod  water. 

24.  Describe  the  preparation,  and  state  the  properties  and  1 
(a)  potassium  chloride,  and  (i)  potassium  nitrate. 

25.  Compare  potassium  nitrate  and  potassium  nitrite. 

26.  Describe  the  manufacture  of  gunpowder.  Upon  what  ( 
use  depend  ? 

27.  State  the  properties  and  uses  of  (a)  potassium  chlora 
potassium  carbonate,  (c)  potassium  hydroxide. 

sS,  Describe  the  manufacture  of  (a)  potassium  chlorate,  (P) 
sium  carbonate,  (c)  potassium  hydroxide. 

29.  What  is  (a)  potash,  (i)  pearlash,  (c)  chlorate  of  potash  i 

30.  Discuss  the  relation  of  potassium  to  life. 

31.  State  the  derivation  of  the  names  (a)  sodium,  and  {d)pOli 

32.  What  is  (,j)  niter,  (6)  salfpeter.  (c)  Chili  saltpeter  ? 

33.  What  b  the  formula  of  the  following  compounds  of  pots 
(a)  hydrojdde,  (d)  carbonate,  (c)  nitrate,  (rf)  nitrite,  (e)  sulpha 
chlorate,  {g)  cyanide  !" 

34.  Describe  lithium.    For  what  are  its  compounds  111 


sus^^^ 


1.  How  much  potassium  carbonate  is  necessary  to  { 
gram  of  potassium  hydroxide?    (Assume  K„C03  +  Ca(OH),=! 
+  CaCOfl.) 

2.  What  per  cent  of  Glauber's  sail,  Na^SO,.  loHjO,  Is  . 
sulphate  ? 

3.  A  gram  of  gunpowder  produced  300  cc.  of  gas  at  o^C. 
would  be  the  volume  at  2300^  C.  ? 

4.  How  much  sodium  will  2  kg.  of  sodium  carbonate  yield,  if 
with  carbon  ?     (A-ssume  NsjCO,  +  C,  =  Na,  +  3  CO.) 

5.  What  is  the  per  cent  of  sodium  in  (a)  NaOH,  (i)  Na^ 
NaCI.  (d)  HNaSO^  ? 

6.  What  is  the  per  cent  of  potassium  in  (a)  potassium  h 
(KBr),  (A)  potassium  nitrate  (KNOj),  (c)  potassium  iodide  QO 


CHAPTER  XXII. 
COPPER  —  SILVER — GOLD. 

^"troduction. — These  metals  are  related,  but  they  do 
^orm  a  group  having  such  marked  family  character- 
^  as  the  alkali  metals.  The  metals,  as  well  as  their 
^s  and  compounds,  have  many  domestic  and  commer- 
Vises. 

COPPER. 

Opper  has  been  known  for  ages.     Domestic  utensils 

•  weapons  of  war  containing  copper  were  used  before 
ilar  objects  of  iron.  The  Romans  obtained  copper 
•^  the  island  of  Cyprus.     They  called  it  cuprium  aes 

•  Cyprian  brass),  which  finally  became  simply  cuprum, 
^tn  cuprum  we  obtain  the  symbol  Cu  and  the  terms  cu- 
^us  and  cupric. 

Occurrence  of  Copper.  —  Copper,  both  free  and  com- 
bed, is  an  abundant  element.  Single  masses  of  native 
metallic  copper  weighing  many  tons  are. found  in  Michi- 
in  mines  on  the  shores  of  Lake  Superior.  The  most 
iluable  ores  of  copper  are  copper  sulphide  (chalcocite, 
)pper  glance,  CugS),  copper  oxide  (cuprite,  ruby  ore, 
UgO),  the  copper-iron  sulphides  (copper  pyrites,  chal- 
pyrite,  CuFeSg,  and  bornite,  CugFeSg),  and  the  com- 
ex  carbonates  (malachite,  CuC08Cu(OH)2,  and  azurite, 
:uC03 .  Cu(OH)2). 

Native  copper  comes  chiefly  from  Michigan  (Fig.  71),  the  copper- 
D  sulphide  ores  from  Montana,  and  the  carbonates  from  Arizona. 
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The  United  States  produced  about  300,000  tons  of  copper  in  1902 
which  was  more  than  half  of  the  world's  supply.  Of  this  amount  Mo  n- 
tana  furnished  about  38  per  cent,  Michigan  z6  per  cent,  and  Ariaina  22 
per  cent.     The  annual  output  has  steadily  increased  since  1896. 

Metallurgy  of  Copper,  ^  Copper  is  extracted  from  its 
ores  by  processes  which  vary  with  the  composition  of  the 
ore.  (i)  Native  copper  ore  is  first  crushed,  then  washed 
to  remove  impurities,  and  the  concentrated  product  finally 
smelted  and  refined  by  a  single  fusion.  (2)  The  carbon- 
ates and  oxides  are  reduced  by  roasting  them  with  coke  in 
blast  furnaces.  The  general  chemical  change  may  be  rep- 
resented thus  — 

Cup        +       C      =    2Cu    -f-  CO 

Copper  Oxide         Carbon  Copper         Carbon  Monoxide 

(3)  The  smelting  of  copper-iron  sulphides  is  complicated. 
The  ore  is  crushed  and  washed,  and  then  roasted  in  a  fur- 
nace. This  operation  removes  the  adhering  rock  ani 
changes  much  of  the  sulphide  into  an  oxide.  The  roasled 
mass  is  then  melted  with  coal  and  sand  in  a  shaft  or  * 
reverbcratory  furnace,  whereby  the  iron  is  largely  changed 
into  a  fusible  silicate,  which  runs  off  as  a  part  of  the  slag- 
The  remaining  "matte,"  as  it  is  called,  contains  from  5^7 
to  6$  per  cent  of  copper,  besides  some  iron,  sulphur,  ani 
arsenic,  It  is  roasted  and  melted  until  all  the  iron  and 
arsenic  are  removed  and  mainly  copper  sulphide  reraains- 
This  is  finally  roasted  to  convert  it  partly  into  an  oitide» 
and  the  mixture  of  sulphide  and  oxide  is  again  melted ;  the 
sulphur  passes  off  as  sulphur  dioxide,  and  the  copper  is 
left  behind.     The  equation  for  this  final  change  is  — 

2  CuO        +        Cu^S      =       4  Cu       +       SOj 
Copper  Oxide        Copper  Sulphide         Copper        Sulphur  Dio»d* 
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aetimes  the  sulphur  and  arsenic  are  removed  by  forcing 
t   air  through  the  molten  sulphide. 

I*'iirification  of  Copper.  — The  crude  copper  from  most 
es  contains  about  98  per  cent  of  copper.  Such  impure 
ipper  is  best  purified  by  electrolysis,  and  is  called  electro- 
rtic  copper.  Thick  plates  of  the  impure  copper  are 
ttached  as  anodes  to  the 
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J5  for  the  preparation 
•irolysis.  ,-f,  ^.  A  are 
ire  cathodes. 


ositive  electrode  of  a 
o^verful  battery  or  dy- 
a-tno  and  suspended  in 
Solution  of  copper  sul- 
liate  and  sulphuric  acid. 
fleets  of  pure  copper  are 
tached  as  cathodes  to 
'S  negative  electrode  and, 
course,  dip  into  the 
'Jution  (Fig.  57).  When  the  current  passes,  the  crude 
'pper  anodes  dissolve,  pure  copper  is  deposited  upon  the 
i-thodes,  and  the  impurities  either  remain  in  solution  or 
11  to  the  bottom  of  the  tank.  In  terms  of  the  theory  of 
Cctrolytic  dissociation,  copper  ions  (Cu*"^)  migrate  to  the 
i-tliode,  lose  their  charges,  and  become  metallic  copper. 
Properties  of  Copper.  —  Copper  is  a  bright  metal,  dis- 
■^guishable  from  all  others  by  its  peculiar  reddish  color. 
is  flexible,  hard,  and  tough ;  it  can  be  drawn  out  into 
Ire  and  rolled  into  very  thin  sheets.  Its  specific  grav- 
y  is  8.9.  Metallic  copper  is  an  excellent  conductor  of 
Cat  and  electricity.  Exposed  to  dry  air,  it  turns  dull,  and 
^  moist  air  it  gradually  becomes  coated  with  a  greenish 
■Opper  carbonate.  Heated  in  the  air,  it  is  changed  into 
■ne  black  copper  oxide,  and  at  a  high  temperature  it  colors 
me  emerald-green.    With  nitric  acid  it  forms  copper 
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nitrate  and  oxides  of  nitrogen  (see  Oxides  of  Nitrogen); 
with  hot  sulphuric  acid  it  yields  copper  sulphate  and  sul- 
phur dioxide  (see  Sulphur  Dioxide).  Hydrochloric  acid 
has  little  effect  upon  it.  Copper  replaces  some  metals  if 
suspended  in  solutions  of  their  compounds,  e.g.  a  clean 
copper  wire  soon  hecoraes  coated  with  mercury  if  placed 
in  a  solution  of  any  mercury  compound ;  on  the  other 
hand,  metals  like  iron,  zinc,  and  magnesium  remove  cop- 
per from  its  solution,  e.g.  a  nail  or  knife  blade  soon  becomes 
coated  with  copper  if  dipped  into  a  solution  of  any  copper 
compound.  Scrap  iron  is  often  used  to  precipitate  copper 
on  a  large  scale. 

Test  for  Copper.  —  ( i )  The  reddish  color,  peculiar  "  cojipery  "  tasW, 
and  green  color  given  to  a  flame  serve  to  identify  metallic  copjfH' 
(2)  An  excess  of  ammonium  hydroxide  added  to  the  solution  of  a  cop- 
per compound  produces  a  beautiful  blue  solution.  (3)  A  few  drops 
of  acetic  acid  and  of  potassium  ferrocyanide  soltitioa  added  to  a  dilute 
solution  of  a  copper  compound  produce  a  brown  precipitate  of  copp« 
ferrocyanide.     These  tests  are  characteristic  and  decisive.  ' 

Uses  of  Copper.  —  Next  to  iron,  copper  is  the  most  use- 
ful metal.  Enormous  quantities  of  wire  are  used  in  operat- 
ing the  telegraph,  cable,  telephone,  electric  railway,  and 
electric  light.  Sheet  copper  is  made  into  household  utensils, 
boilers,  and  stills.  Copper  bolts,  nails,  and  rivets  are  used 
on  ships,  because  the  riist  does  not  destroy  wood  as  iron  rust 
does.  All  nations  use  copper  as  the  chief  ingredient  of 
small  coins.  Electrical  apparatus  utilizes  much  copper. 
Maps,  etchings,  and  some  kinds  of  engravings  are  printed 
from  copper  plates ;  calico  is  printed  from  a  copper  cyl- 
inder upon  which  the  design  is  engraved.  Books  ai* 
printed  and  illustrated  from  an  electrotype,  made  by  de- 
positing a  film  of  copper  upon  an  impression  of  the  lyp^ 
or  design  in  wax  or  plaster  of  Paris.     In  a  similar  waj 
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iny  objects  are  copper  plated  (see  Chapter  X).  Copper 
an  essential  constituent  of  many  alloys. 
Alloys  of  Copper  are  important.  Brass  is  a  bright  yel- 
w  alloy  containing  63  to  72  per  cent  of  copper,  the  re- 
ainder  being  zinc.  It  is  made  by  melting  these  metals 
gather.  It  can  be  drawn  into  wire,  hammered  into  any 
lape,  and  turned  in  a  lathe.  It  is  harder  than  copper, 
id  on  account  of  its  durability  and  elasticity  has  many  uses 
►r  which  copper  is  not  suited.  Pinchbeck,  Muntz  metal, 
ath  metal,  Dutch  metal  (leaf  or '* gold"),  are  varieties  of 
rass.  Muntz  metal  is  now  used  in  place  of  sheet  copper( 
5  sheathing  for  the  bottoms  of  ships,  because  it  rusts  very 
owly.  Typical  bronze  contains  different  proportions  of 
3pper,  zinc,  and  tin.  Some  antique  bronzes  contain  lead 
r  iron.  The  per  cent  of  copper  is  70  to  95,  of  zinc  i  to 
5,  of  tin  I  to  18.  The  proportions  in  the  British  bronze 
linage  are  copper  95,  zinc  i,  tin  4.  On  account  of  its 
eautiful  color  and  extreme  durability,  bronze  is  used  for 
"atues,  memorial  tablets,  coins,  and  medals.  The  ancients 
lade  it  into  weapons  of  war  and  household  utensils.  Can- 
on were  formerly  made  of  bronze,  but  for  this  purpose 
•eel  is  now  used.  Phosphor  bronze  contains  a  small  per 
-nt  of  phosphorus  and  of  lead.  It  is  tougher  than  ordi- 
ary  bronze,  and  is  used  to  make  steamship  propellers  and 
arts  of  machines.  Silicon  bronze  is  copper  with  traces  of 
on  and  silicon,  and  is  used  for  telegraph  and  telephone 
ires.  Aluminium  bronze  contains  90  per  cent  copper 
id  10  per  cent  aluminium.  It  is  a  hard,  yellow,  elastic 
loy,  and  is  used  in  constructing  hulls  of  yachts  ;  its  light- 
*ss,  strength,  and  resistance  to  chemicals  adapt  it  to  many 
her  uses. 

Gun  metal  is  about  90  per  cent  copper  and  10  per  cent  zinc  ;  it  was 
marly  used  in  making  cannon,  and  is  now  used  to  some  extent  in 
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making  Areanns.  Bell  metal  contains  about  75  per  cent  copper  and 
25  per  cent  zinc.  Speculum  metal  contains  about  70  per  cent  copper, 
30  per  cent  tin,  and  traces  of  zinc,  nickel,  and  iron  ;  it  takes  a  brilliajii 
polish,  and  is  used  in  optical  instruments,  especially  telescopes,  to  re- 
flect light.  The  different  varieties  of  German  silver  contain  difTerenl 
proportions  of  copper,  nickel,  and  zinc.  The  percent  of  copper  b;oTo 
60,  of  nickel  20  to  25,  and  of  zinc  about  20.  Id  color  and  luster  it  re- 
sembles silver,  for  which  it  is  often  substituted.  Its  power  to  eonducl 
electricity  is  only  slightly  affected  by  changes  of  temperature,  hence 
it  is  often  used  in  resistance  coils.  Chinese  Pakfong  (or  paktong)  at 
variety  of  German  silver.  The  nickel  coins  of  Germany  and  Ihe 
United  States  contain  75  per  cent  copper  and  25  per  cent  nickel.  Cop- 
per is  also  a  constituent  of  many  other  coins.  Brltannis  metal  anil 
white  metal,  in  which  copper  is  a  minor  constituent,  are  described 
under  Alloys  of  Tin. 

Compounds  of  Copper.  ^Copper  forms  two  series  of  com- 
pounds, the  cuprous  and  the  cupric.  Thus,  there  are 
cuprous  oxide  (CujO)  and  cupric  oxide  (CuO),  cuprous 
chloride  (CuCl)  and  cupric  chloride  (CuCl^).  The  cuprous 
compounds  contain  a  larger  proportion  of  copper  than  the 
cupric  compounds.  Not  every  member  of  each  series  is 
important,  or  even  well  known.  Other  metals — mercuij 
and  iron  —  form  similar  series.  The  most  important  com- 
pounds are  the  oxides  and  copper  sulphate.  Copper  com- 
pounds are  poisonous.  Cooking  utensils  made  of  copper 
should  be  used  with  care.  Vegetables,  acid  fruits,  and 
preserves,  if  boiled  in  them,  should  be  removed  as  soon  as 
cooked.  The  vessels  themselves  should  be  kept  bright,  lo 
prevent  the  formation  of  soluble  copper  salts,  which  might 
contaminate  the  contents. 

Cuprous  Oxide,  CujO,  occurs  native  as  cuprite  or  ruby  ore.  It  mJf 
be  obtained  as  reddish  powder  by  heating  a  mixture  of  solutions  of  cop- 
per sulphate,  Rochelle  salt,  sodium  hydroxide,  and  grape  sugar.  TW* 
oxide  colors  glass  ruby  red.    It  b  a  beautifiil  mineral  and  a  'nlodJAHJ 
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Cupric  Oxide,  CuO,  is  a  black  solid  formed  by  heating 
3pper  nitrate.  It  is  reduced  to  metallic  copper  by  hydro- 
en  or  by  carbon,  thus  — 

CuO        +       Ha       =     Cu     +   H2O 
Cupric  Oxide        Hydrogen        Copper         Water 

lence  it  may  be  used  to  determine  the  gravimetric  com- 
position of  water. 

Copper  Sulphate,  CuSO^,  is  the  most  useful  compound 
f  copper.  Like  many  of  the  cupric  compounds  it  is  a  blue, 
rystallized  solid,  and  is  often  called  "  blue  vitriol  **  or 
blue  stone."  The  crystallized  salt  (CuSO^ .  5  HgO). loses 
^ater  in  the  air ;  heated  to  240°  C,  all  the  water  escapes, 
saving  a  whitish  powder.  This  anhydrous  copper  sul- 
phate absorbs  water  from  alcohol  and  similar  liquids,  and 
i^hen  added  to  water  it  again  becomes  blue.  Copper  sul- 
phate is  used  in  electric  batteries,  in  making  other  copper 
alts,  in  calico  printing,  dyeing,  copper  plating,  in  preserv- 
ig  timber,  and  whenever  a  soluble  copper  compound  is 
Leaded.  It  is  poisonous  and  is  one  ingredient  of  certain 
fixtures  which  are  sprayed  upion  trees  to  kill  insects. 

Copper  sulphate  may  be  prepared  by  treating  copper 
^ith  sulphuric  acid.  This  method  is  used  on  a  large  scale, 
Ut  some  of  the  copper  sulphate  of  commerce  is  a  by- 
roduct  obtained  in  refining  gold  and  silver  with  sulphuric 
cid  (see  below). 

Copper  Nitrate,  Cu(N03)2,  is  a  blue,  crystallized  solid,  formed  by  the 
Ueraction  of  copper  and  dilute  nitric  acid.  It  is  a  cupric  salt.  It  is 
ery  soluble  in  water,  and  is  readily  decomposed  by  heat  into  cupric 
ride  and  oxides  of  nitrogen. 

Cuprous  Sulphide,  CugS,  is  the  bluish  black  mineral  chalcocite.  Cu- 
rie sulphide,  CuS,  is  the  black  precipitate  formed  by  passing  hydrogen 
ilphide  gas  into  a  solution  of  a  cupric  salt. 
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Malachite  is  a  bright  green  miners  and  is  oflen  used  as  an  c 
mental  stone.     Azurite  is  a  magnificent  blue,  crystallized  miaenL 
Both  are  carbonates  and  valuable  ores  of  copper. 
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Silver  is  one  of  the  precious  metals.  From  the  remoirat 
ages  it  has  been  used  for  ornaments,  household  vessels, 
and  money. 

The  Latin  name  of  silver  is  argenluin,  from  wliich  the  symbol  Agii 
derived.  The  ;ilchemist3  called  it  luna,  on  account  of  its  silverj  M 
"  moonlike"  appeai-aiice. 

Occurrence  of  Silver.  —  Native  silver  is  found  in  Ari- 
zona, Mexico,  Norway;  also  in  South  America  and  Aus- 
tralia. The  chief  ores  are  the  sulphides.  The  simple 
sulphide  (silver  glance,  argentite,  Ag^S)  is  the  richest  ore 
and  is  found  in  many  locaUtics  in  the  United  States.  Sil- 
ver sulphide  is  often  combined  with  sulphides  of  lead, 
copper,  antimony,  or  arsenic.  These  complex  sulphides 
are  found  in  Mexico,  Peru,  Bolivia,  Chili,  and  in  Idaho. 
Small  quantities  of  native  silver  chloride  (horn  silver, 
AgCI)  are  also  found ;  it  resembles  wax  or  horn,  and  mete 
in  a  candle  flame.  Sea  water  contains  traces  of  silver,  the 
total  quantity  in  the  ocean  being  estimated  to  be  about  twii 
million  tons.  Alloys  of  silver  with  gold,  mercury,  and 
copper  are  found  ;  average  California  gold  contains  about 
12  per  cent  silver.  Many  ores  contain  silver,  especially 
those  of  lead;  and  this  argentiferous  (or  silver-bearing) 
lead  is  one  of  the  chief  sources  of  silver. 

The  world's  supply  of  silver  comes  mainly  from  the  United  Sliia 
Mexico,  Germany,  Australia,  and  Bolivia.  The  United  States  product 
about  sixty  million  ounces  in  1908.  This  was  aboat  one  third  of  the 
world's  supply,  and  al.so  the  average  annual  output  for  the  last  ft* 
years.  Of  this  vast  (|uantity,  about  90  per  cent  was  furnished  by  Col* 
lado,  Montana,  Utah,  Idaho,  California,  and  Nevada  (Fig.  58J. 
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ttetallurgy  of  Silver,  —  Silver  is  extracted  from  its 
ores  by  two  principal  processes,  (i)  In  the  amalgama- 
tion process  the  powdered  ore  is  first  changed  into  silver 


chloride  by  roasting  (or  simply  mixing)  it  with  sodium 
chloride.  The  mass  is  then  reduced  to  silver  by  agitation 
*ith  water  and  iron  (or  an  iron  compound);  the  simplest 
equation  for  this  reaction  is  — 


2AgCl       +   Fe     = 
Silver  Chloride        Iron 


2Ag    +        Feci, 
Silver  Iron  Chloride 


The  silver  is  removed  by  adding  mercury,  which  forms  an 
Amalgam  (an  alloy)  with  the  silver,  but  not  with  the  other 
Substances.  When  the  amalgam  is  heated,  the  mercury 
distils  off,  and  the  silver — with  some  gold — -remains  be- 
hind. (2)  Silver  is  extracted  from  lead  ores  by  the  Farkes 
process.  After  the  sulphur,  arsenic,  and  other  impurities 
"lave  been  removed  from  the  lead  ores,  the  final  product 
*.  mixture  of  lead,  silver,  and  gold.     This  is  melted  and 
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thoroughly  mixed  with  zinc.  As  the  mixture  M 
alloy  of  silver,  gold,  zinc,  and  a  little  lead  rises  to  ti 
solidifies,  and  is  removed.  The  remaining  lead  mix 
treated  again  with  zinc.  The  alloy  of  silver,  golt 
and  lead  is  heated  to  volatilize  the  zinc  and  to  oxic 
melt  away)  the  lead.  The  mixture  of  silver  and  ] 
heated  with  sulphuric  add ;  the  gold  is  not  acted 
but  the  silver  forms  silver  sulphate,  which  i 
copper  to  metallic  silver  (Fig.  59). 
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Lead  ores  containing  considerable  silver  are  sometimi 
cnpellation  to  extract  the  silver.    The  ore  or  alioy  is  I 
nace  having  a  shallow  hearth  made  of  porous,  infiisible  b 
lead  is  changed  into  an  oride  (litharge),  which  mells,  a 
driven  oiF  by  the  air  blast  into  pots  and  partly  absorbed  byl 
cupel.     The  silver  ia  protected  from  the  oxidizing  power  ofl 
the  melted  litharge,  but  toward  the  end  of  the  operaUon  thef 
litharge  bursts,  and  the  metallic  silver  appears  as  a  b 
operation  is  conducted  in  a  furnace,  and  as  a  globule  O 
extraction  is  performed  in  a  small  assay  cupel.     The  p 
itopped  and  the  silver  removed. 

Properties  of  Silver.  —  Silver  is  a  lustrous,  j 

which  takes  a  brilliant  polish.     It  is  harder  t 
softer  than  copper.     Like  copper,  it  is  ductilf 
rable,  and  may  be  easily  made  into  various  1 
specific  gravity  is  about  10.5,  being  heavier  I 
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but  lighter  than  lead.  It  melts  at  about  962°  C,  and  fuses 
readily  on  charcoal  in  the  blowpipe  flame;  it  vaporizes  in 
the  oxyhydrogen  flame  and  in  the  electric  furnace.  Molten 
silver  absorbs  about  twenty  times  its  volume  of  oxygen, 
which  is  expelled  violently  when  the  silver  solidifies.  Like 
copper,  silver  is  an  e^■cellent  conductor  of  heat  and  elec- 
tricity, but  it  is  too  costly  for  such  uses.  It  does  not  tarnish 
ID  air,  unless  sulphur  compounds  are  present,  and  then  the 
familiar  black  film  of  silver  sulphide  is  produced.  This 
>laekening  is  especially  noticed  on  silver  spoons  which 
lave  been  put  into  eggs  or  mustard,  and  on  silver  coins 
'hich  have  been  carried  in  the  pocket,  the  sulphur  in  the 
liter  case  coming  from  sulphur  compounds  in  the  perspira- 
on;  the  tarnishing  of  household  silver  is  due  to  sulphur 
ompounds  in  illuminating  gas  or  gas  from  burning  coal, 
lo-called  "oxidized"  silver  is  not  oxidized,  but  coated  with 
ilver  sulphide.  Silver  is  only  very  slightly  acted  upon  by 
ydrochloric  acid,  and  not  at  all  by  molten  caustic  potash, 
oda,  or  potassium  nitrate.  Nitric  acid  and  hot  concen- 
rated  sulphuric  acid  change  it  into  the  nitrate  and  sulphate, 
espectively,  as  in  t^  case  of  copper. 

Alloys  of  Silver.  —  Pure  silver  is  too  soft  for  constant 
se,  and  is  usually  hardened  by  adding  a  small  amount  of 
opper.     These  alloys  are  used  as  coins  and  for  jewelry. 

he  silver  COins  of  the  United  States  and  France  contain 
•Qo  parts  of  silver  to  lOO  of  copper,  and  are  called  900 
ne.     British  silver  coins  are  925  fine;  this  quality  is  called 

sterling  silver,"  and  from  it  much  ornamental  and  useful 
ilverware  is  made. 

Silver  PlatiBg.  —  Metals  cheaper  than  silver  may  be 
oaled  or  plated  with  pure  .silver  precisely  as  in  the  case  of 
opper.  Plated  silverware  has  the  appearance  of  solid  or 
ure  silver.     The  object  to  be  plated  is  carefully  cleaned, 
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and  made  the  cathode  in  a  bath  or  solution  of  pota 
silver  cyanide.  The  anode  is  a  plate  of  pure  silver  (Fi 
60).  The  deposit  of  silver 
dull,  but  may  be  brightene 
by  rubbing  with  or  withou 
chalk. 
Compounds    of    Silver,  - 
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Fib.  &!.— Apparatus  fbraUverpiai-  The  most  important  compoum 
'Z-^'^S.i^"'"-"'  i-  silver  nitrate  (AgNO^ 
It  is  a  white  crystalUne  solid 
made  by  dissolving  silver  in  nitric  acid.  Exposed  to  tin 
light,  it  turns  dark  if  in  contact  with  organic  matter,  t 
discolors  the  skin ;  if  applied  long  enough,  it  disintegrate 
the  flesh,  and  is  often  used  by  physicians  for  this  purpose 
Its  caustic  action  and  the  silvery  color  of  the  metal  fror 
which  it  is  made  long  ago  led  to  its  name,  lunar  causti* 
Besides  its  extensive  use  in  photography  and  silver  plating 
silver  nitrate  is  the  essential  constituent  of  indelible  ink 
Silver  chloride  (AgCl)  is  made  by  adding  hydrochlori 
acid  or  the  solution  of  any  chloride  to  a  solution  of  a  silve 
compound.  Thus  formed,  it  is  a  white,  curdy  solid,  whic 
turns  violet  in  the  hght,  and  finally  black.  This  action  c 
light  is  more  intense  if  organic  matter  is  present.  1 
dissolves  in  ammonium  hydroxide,  forming  a  complex  con 
pound  of  the  two  substances.  The  formation  and  propc' 
ties  of  silver  chloride  constitute  the  test  for  silver.  SilTfi 
bromide  (AgBr)  and  silver  iodide  ( Agl)  are  analogous  t 
silver  chloride  in  their  properties  and  methods  of  forffl! 
tion.     They  are  used  in  photography, 

Photography  is  based  on  the  fact  that  silver  salts,  espt 
cialiy  the  bromide  and  iodide,  change  color  when  mixe 
with  organic  matter  and  exposed  to  the  light.  The  phoK 
graph  is  taken  on  a  glass  plate,  coated  on  one  side  with 
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lira  layer  of  gelatine,  containing  the  silver  salts.     Some- 
mcs  a  sheet  of  sensitized  gelatine,  called  a  film,  is  used. 
rVie  plate  or  film  is  placed  in  the  camera  aiid  exposed. 
rtie  light,  which  comes  from  the  object  being  photographed, 
:hanges  the  silver  salts  in  proportion  to  its  brilliancy.    The 
alate,  however,  shows  no  change  until  it  has  been  devel- 
oped.    This  process  consists  in  treating  the  plate  with  a 
reducing  agent,  e.£:  ferrous  sulphate,  pyrogallic  acid,  or 
special  mixtures.     As  the  developer  acts  upon  the  plate, 
the  image  appears.      This  is  really  a  deposit   of   finely 
divided   silver.      Where  the  intense  light   fell  upoQ  the 
plate,  the  deposit  is  heavier  than  where  little  or  no  light 
fell.    Hence,  dark  parts  of  the  object  appear  light  on  the 
plate,  and  light  parts  dark;   and  since  the  image  is  the 
reverse  of  the  object,  the  plate  is  called  a  negative.    When 
the  plate  has  been  properly  developed,  it  still  contains  sil- 
ver salts  not  altered  by  the  light;  and  if  they  were  left  on  the 
plate,  the  image  would  be  clouded,  and  finally  obliterated 
"y  the  light.      The  image  is,  therefore,  fixed  by   wash- 
ing off  the  silver  salts  with  a  solution  of  sodium  thiosul- 
phate  (or  "hyposulphite").     A  print  is  made  by  laying 
sensitized  paper  upon  the  negative  and  exposing  them  to 
tl'e  sunlight,  so  that  the  light  will  pass  through  the  nega- 
tive.   The  negative  obstructs  the  light  in  proportion  to  the 
tliickness  of  the  silver  deposit,  so  the  photograph  has  the 
same  shading  as  the  object.     Most  prints,  like  the  plates, 
™Ust  be  fixed.    Sometimes  the  color  is  improved  by  toning, 
'<  by  placing  the  print  in  a  solution  of  gold  or  of  platinum. 


Gold    is   the    most   precious    of    the    metals,    and    has 
been  used  from  the  earliest  times  for  adornment  and  as 
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The  Latin  name  of  gold,  aiirum.  gives  the  symbol  Au.  For  nany 
centuries  the  alchemists  tried  to  produce  gold  from  base  or  cheaper 
metals.  They  were  unsuccessful  in  their  search  for  the  Philosopher's 
Stone,  which  they  believed  had  power  to  effect  this  transforraatioD, 

Occurrence  of  Gold.  —  Gold  is  widely  distributed,  but 
not  abundantly  in  many  places.  Unlike  copper  and  silver, 
its  compounds  are  few  and  rare;  the  only  important  ones 
are  the  tellurides  (compounds  of  tellurium)  found  in  Colo- 
rado. It  is  never  found  pure,  being  alloyed  with  silver 
and  occasionally  with  copper  or  iron.  It  is  disseminated 
in  fine,  almost  invisible,  particles  among  ores  of  other 
metals,  though  not  so  abundantly  as  silver.  Much  gold  is 
found  in  veins  of  quartz,  and  in  the  sand  and  gravel  formed 
from  gold-bearing  rocks.  Gold  occurs  usually  as  dust, 
scales,  or  grains,  but  occasionally  shapeless  masses  called 
"  nuggets  "  are  found,  varying  in  weight  from  a  few  grams 
to  many  kilograms.  The  largest  nugget  ever  known 
weighed  over  S4  kg.  (184  lbs.). 

The  chief  gold-producing  countries  are  the  United  States.  Australia, 
South  Africa,  and  Russia.  The  United  States  produces  annually  ore' 
four  million  ounces,  which  come  largely  from  Colorado,  California,  and 
other  Western  states,  and  Alaska.  Gold  in  working  quantities  is  founfl 
in  about  twenty  states  of  the  Union  (Fig.  58) .  The  total  value  of  iM 
gold  produced  in  the  world  annually  is  about  $400,00^,000. 

Gold  Mining.  —  Gold  was  first  obtained  by  miners  by 
washing  the  gold-bearing  sand  and  gravel  of  a  stream  i" 
large  pans  or  cradles.  This  primitive  method  was  soon  re- 
placed by  placer  mining  and  hydraulic  mining.  Streams 
of  water,  directed  against  the  earth  containing  the  golA 
wash  away  the  lighter  materials,  but  leave  the  heavy  golii 
behind  in  the  form  of  scales  or  "gold  dust."  From  this 
mixture  gold  and  silver  are  extracted  by  mixing  with  mefri 
cury,  or  by  passing  the  moistened  mass  over  copper  B^H 
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]  with  mercury.  The  amalgam  is  then  heated,  as  in 
the  metallurgy  of  silver,  to  remove  the  mercury ;  the  resi- 
due of  gold  and  silver  is  purified  as  described  below.  In 
vein  mining  the  gold-bearing  rock  —  usually  quartz  —  is 
crushed  and  then  washed,  and  the  gold  removed  by  mer- 
cury, as  in  placer  mining  (see  Chapter  XX).  Low  grade 
ores  afld  those  containing  certain  metals  cannot  he  profita- 
bly treated  with  mercury.  In  the  chlorination  process  the 
cru.shed  ore  is  roasted  and  then  revolved  in  barrels  contain- 
ing bleaching  powder  and  sulphuric  acid ;  this  operation 
forms  a  soluble  gold  chloride  (AuClg),  from  which  the  gold 
13  precipitated  as  a  fine  powder  by  hydrogen  sulphide  (or 
other  reducing  agents).  In  the  cyanide  process  the 
crushed  ore,  or  the  slime  from  a  previous  extraction,  is 
mixed  with  a  weak  solution  of  potassium  cyanide  and 
wposed  to  the  air ;  this  operation  changes  the  gold  into  a 
soluble  cyanide  (KAu(CN)3).  The  gold  is  separated  from 
'bis  solution  by  electrolysis  or  by  treatment  with  zinc. 

Purification  of  Gold.  —  Gold  obtained  by  the  above 
inethods  is  impure,  silver  being  the  chief  impurity.  These 
"Petals  are  parted  by  a  chemical  process  or  separated  by 
electrolysis.  By  the  old  parting  process  known  as  quar- 
tation  an  alloy  of  gold  and  silver,  in  which  the  gold  is 
^"out  one  fourth  of  the  whole,  is  treated  with  nitric  acid ; 
'his  operation  changes  the  silver  into  the  nitrate  from 
*hich  the  pure  gold  may  be  readily  removed.  The  metals 
^ay  be  parted  by  the  cheaper  method  described  under 
silver,  viz.  by  boiling  with  concentrated  sulphuric  acid. 
%  this  treatment  the  gold,  which  is  about  one  sixth  of  the 
siloy,  is  left  as  a  brownish,  porous  mass.  It  is  washed, 
dried,  and  fused  with  charcoal  and  sodium  carbonate.  In 
3ne  electrolytic  method  of  separation,  the  anode  is  an 
llloy  of  gold  and  silver,  the  cathode  is  silver,  and  the  eleo- 
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trolvte  is  silver  nitrate.  When  the  current  passes,  part  of  the 
silver  of  the  anode  goes  into  solution  as  the  nitrate,  while 
part  is  deposited  at  the  cathode;  the  gold  remains  at  the 
anode  as  a  fine  powder  and  is  caught  in  a  cloth  bag  which 
incloses  the  whole  anode.  Gold  is  now  purified  at  the 
United  States  Mints  by  electrolysis.  The  electrolyte  is  a 
solution  of  gold  chloride,  the  anode  is  an  alloy  rich  in  gold, 
and  the  cathode  is  pure  gold.  Gold  is  deposited  on  the 
cathode,  and  silver  chloride  around  the  anode. 

The  purity  of  gold  is  expressed  in  carats.  Pure  gold  is 
Z4  carats  fine ;  an  alloy  containing  22  parts  of  gold  and  Z 
parts  copper  is  22  carat  gold,  while  one  containing  equal 
parts  gold  and  other  metals  is  12  carat  gold  (see  foot-note, 
page  183). 

Properties  of  Gold.  —  Gold  is  a  yellow  metal.  It  is 
about  as  soft  as  lead,  and  is  the  most  ductile  and  malleable 
of  all  metals.  The  leaf  into  which  it  may  be  beaten  is 
very  thin  and  is  green  by  transmitted  light.  Air,  oxygen, 
and  most  acids  do  not  attack  it ;  but  it  is  changed  into  a 
gold  chloride  (AuClg)  by  aqua  regia  (see  Aqua  Jicgia}- 
Gold  is  one  of  the  heaviest  metals,  its  specific  gravity 
being  about  19. 

Uses  of  Gold.  —  Pure  gold  is  too  soft  for  most  practical 
purposes,  and  is,  therefore,  usually  hardened  with  coppH 
or  silver.  The  gold-copper  alloy  has  a  reddish  color  and 
is  often  called  "  red  gold  "  ;  the  gold-silver  alloy  is  pal" 
than  pure  gold  and  is  sometimes  called  "white  gold" 
Gold  coins  contain  gold  and  copper.  The  United  States 
standard  gold  coins  contain  9  parts  gold  and  i  part  cop- 
per, while  in  England  the  legal  standard  is  1 1  of  gold  ta 
I  of  copper.  Gold  leaf  of  various  grades  is  used  to  orna- 
ment books,  signs,  and  many  objects.  Jewelers  use  go'^^ 
for  many  purposes;  such  gold  varies  from  12  to  22  carats 
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)urity.  On  account  of  its  malleability,  feeble  chemical 
on,  and  beauty,  gold  is  used  by  dentists  for  filling 
h. 

ompoonds  of  Gold  are  readily  decomposed  by  metals,  weak  reducing 
.ts  (e.g,  ferrous  sulphate  or  hydrogen  sulphide),  fine  solids  like  char- 
,  and  by  electrolysis.  When  gold  is  dissolved  in  aqua  regia  and 
acid  removed  by  evaporation,  the  resulting  gold  chloride  (AuClg) 
s  with  stannous  chloride  solution  a  beautiful  purple  precipitate ;  the 
r  is  called  "  purple  of  Cassius,"  and  is  probably  finely  divided  gold, 
brmation  is  the  test  for  gold.  The  process  of  gold  plating  is  the 
t  as  silver  plating,  only  the  solution  is  one  of  potassium  gold  cyan- 
(Au(CN)8 .  KCN)  and  the  anode  is  gold.  Much  cheap  jewelry  is 
.  plated. 

EXERCISES. 

1.  What  is  the  symbol  of  {a)  copper,  {b)  silver,  {c)  gold?  State 
derivation  of  each  symbol. 

2.  Where  is  copper  found  abundantly?  State  in  what  form  it 
irs  in  each  locality.     Discuss  its  production. 

3.  Describe  briefly  the  metallurgy  of  {a)  native  copper,  {b)  oxides 
carbonates,  {c)  copper-iron  sulphides. 

4.  Describe  the  purification  of  copper  by  electrolysis. 

5.  State  {a)  the  physical  properties  of  copper,  and  (J>)  the 
nical  properties. 

6.  Describe  several  tests  for  copper. 

7.  Discuss  the  uses  of  copper. 

8.  Name  ten  alloys  of  copper.    Describe  five  important  allo3rs. 

9.  What  is  an  electrotype?    How  is  it  made?    (See  Chapter  X.) 

0.  State  the  general  properties  of  copper  compounds. 

1.  Describe  the  oxides  of  copper. 

2.  Describe  the  manufacture,  and  state  the  properties  and  uses  of 
)er  sulphate. 

3.  What  are  the  properties  of  {a)  copper  nitrate,  {U)  malachite, 
{c)  azurite? 

4.  What  is  the  formula  of  {a)  copper  sulphate,  {p)  copper  nitrate, 
nipric  oxide,  and  (^/)  cuprous  oxide? 

5.  Discuss  {a)  the  occurrence,  and  (J))  the  production  of  silver. 

>.  Describe  the  extraction  of  silver  by  {a)  the  amalgamation  pro- 
and  {b)  the  Parkes  process. 
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17.   State  (3)  the  physical  properties  of  silver,  and  (i) 
properties. 

iB.    Discuss  (a)  silver  alloys,  and  {*)  silver  plating. 

19.  Stale  the  properties  and  uses  of  silver  nitrate. 

20.  State  the  properties  of  silver  chloride.    What  b  the  teat  ks 

21.  Describe  briefly  the  essential  operations  in  photography.  Whil 
general  chemical  changes  does  it  utilize? 

22.  What  is  (a)  blue  vitriol,  (S)  argentiferous  Jead,  (e)  oiddiid 
silver,  {d)  sterling  silver,  (e)  coin  silver,  (J")  lunar  caustic,  and  (^ 

23.  What  is  the  formula  of  (a)  silver  nitrate,  and  (i)  silver  cUoridef 

24.  Discuss  (u)  the  occurrence  of  gold,  and  (6)  its  production. 

25.  Describe  the  different  methods  of  (a)  mining,  and  (3)  ejttracliiig 

26.  Describe  the  purification  of  gold  by  (a)  parting,  and  (t)  elefr 
trolysis. 

27.  What  is  18  carat  gold? 

28.  State  (a)  the  properties,  and  (i)  the  uses  of  gold. 

29.  Discuss  (a)  compounds  of  gold,  and  (i)  gold  plating. 

30.  What  is  the  lest  for  gold? 

31.  What  is  (ij)  gold  dust,  (6)  aqua  regia,  (c)  a  nugget,  (o)  gold 
leaf? 

FBOBLEUS. 

1.  How  much  cupric  o."dde  is  formed  by  heating  1467  gm.  of  copp'' 
in  air?     (Assume  Cu  +  O  =  CuO.) 

2.  Calculate  the  per  cent  of  copper  in  (a)  malachite  (CuCOj- 
Cu(OH),),  (i)  azurite  {2  CuCOj .  Cu(0H)3),  {c)  copper  sulplM« 
(CuSOj). 

3.  If  480  gm.  of  silver  interact  with  nitric  add,  how  mudi  saw 
nitrate  is  formed? 

4.  Calculate  the  per  cent  of  silver  in  {a)  silver  chloride  (AgCl)i 
(i)  silver  sulphide  (Ag,S),  (0  silver  nitrate  (AgNOJ. 
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CALCIUM,  STRONTIUM,  AND  BARIUM. 


These  elements  form  a  natural  group  called  the  alkaline 
jarth  metals.  The  metals  themselves  are  rare,  but  their 
:ompounds,  especially  those  of  calcium,  are  numerous  and 
useful.     This  group  resembles  the  alkali  group. 

CALCIUM, 

Occurrence  of  Calcium. — Calcium  is  never  found  free. 
Combined  calcium  makes  up  about  3.5  per  cent  of  the 
earth's  crust.  The  most  abundant  compound  is  calcium 
carbonate  (CaCOg),  This  has  many  familiar  forms,  e.g. 
limestone,  chalk,  marble,  corai,  and  shells.  Many  rocks 
are  complex  silicates  of  calcium  and  other  metals.  The 
extensive  deposits  of  calcium  phosphate,  calcium  borate, 
and  calcium  fluoride  have  been  mentioned.  Calcium  sul- 
phate (CaS04)  occurs  abundantly  in  the  form  of  gypsum, 
alabaster,  and  selenite.  Calcium  compounds  are  essential 
to  the  life  of  plants  and  animals,  being  found  in  the  leaves 
Jf  plants,  and  in  the  bones,  teeth,  and  shells  of  animals. 
•lany  rivers  and  springs  contain  calcium  salts,  especially 
he  acid  carbonate  and  sulphate. 

Preparation  and  Properties.  —  Metallic  calcium  was  obtained  by 
-lectrolysis  in  1808  by  Davy,  but  our  knowledge  of  the  pure  metal  is 
iue  to  Moissan.  In  T898  he  prepared  it  from  the  iodide  by  electrolysis. 
It  is  now  prepared  by  Ihe  electrolysis  of  fused  calcium  chloride.  The 
anode  is  a  graphite  enicible  and  the  cathode  is  a  rod  of  iron  which  can 
be  elevated  by  a  screw. 
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CalciQiii  is  a.  silver-white  metal,  soft  enough  to  be  cut  with  i  filft 
though  much  harder  than  lead.  It  may  be  crystaliized  from  melloi 
sodium.  It  readily  decomposes  water  at  the  ordiaary  temperature,  tnd 
combines  directly  with  most  of  the  other  elements. 

Calcium  Carbonate,  CaCOg. — The  most  abundant  form 
of  this  compound  is  limestone.  Vast  deposits  are  found 
in  many  places,  exhibiting  a  variety  of  textures  and  colors. 
In  the  United  States  much  limestone  is  found  in  Iowa, 
Illinois,  and  Wisconsin,  All  Icinds  are  compact  and  usuallj 
soft,  though  some  are  hard  enough  for  use  as  building 
stone;  some  are  coarse,  and  often  consist  of  grains,  crys- 
tals, or  small  shells.  Pure  limestone  is  white  or  gray,  but 
^_^^  impurities,  especially  organic 
<Q  \  \  A\  /'/\  matter  and  iron  compounds, pro- 
^-^^-^  V7  \\  /  duce  blue,  yellow,  reddish,  and 
black  varieties.  Hard,  crystal- 
line limestone  which  takes  agood 
polish  is  called  marble.  This 
form,  which  has  a  wide  range  of 
color,  is  used  as  a  building  and 
an  ornamental  stone,  Caldte 
is  crystallized  calcium  carbonate.  It  is  almost  as  abundant 
as  quartz,  though 
softer ;  its  varied 
colorand  crystal  form 
combine  to  make  it 
attractive  (Fig.  6i). 
A  very  transparent 
variety  of  calcite 
called  Iceland  spar 
has  the  remarkable 
property  of  double 
refraction,  i.e.  of  making  objects  appear  double  (Fig,  62). 
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I  carbonate  is  not  soluble  in  water,  unless  carbon 
de  is  present  (see  Carbon  Dioxide).  As  water  con- 
ig  carbon  dioxide  works  its  way  underground  in 
regions   the   limestone  is   dissolved   and   caves 


^n  formed  or  enlarged.  When  the  water  enters  a 
^d  drips  from  the  top,  the  water  evaporates,  or 
1  escapes,  or  both,  and  the  calcium  carbonate  is 
sited,  often  forming  stalactites  and  stalagmites 
B3).     The  stalactites  hang  from  the  roof  like  icicles, 


I 
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while  the  stalagmites  grow  up  from  the  floor,  as  the 
deposit  slowly  accumulates  from  the  solution  whicb 
drops  from  the  roof  or  the  tips  of  stalactites.  Ttie 
Mammoth  Cave  in  Kentucky,  the  Marengo  Cave  in  Indi- 
ana, and  the  Luray  Cavern  in  Virginia  are  famous  for 
these  fantastic  formations.  Mexican  onyx  is  a  variety  of 
stalagmite.  Vast  deposits  of  this  beautiful  mineral  are 
found  in  Algeria  and  Mexico.  It  is  translucent  and  deli- 
cately colored,  and  is  used  as  an  ornamental  stone,  espe- 
cially for  altars,  table  tops,  mantels,  and  lamp  standards. 
Beautiful  deposits  of  limestone  are  found  around  many 
mineral  springs.  Travertine  occurs  near  many  springs 
in  Italy.  When  fresh,  it  is  soft  and  porous,  but  it  soon 
hardens  and  becomes  a  durable  building  stone  in  dry  cli- 
mates. The  outer  walls  of  the  Colosseum  and  of  St 
Peter's  are  travertine.  Limestone  often  contains  shells 
and  fossils,  confirming  our  belief  that  limestone  is  the 
remains  largely  of  the  shells  of  animals.  The  calcium 
carbonate  dissolved  in  the  ocean  is  transformed  by  marine 
organisms  into  shells  and  bony  skeletons.  The  hard  parts 
of  these  animals  accumulate  in  vast  quantities  on  the  ocean 
bottom,  become  compact,  often  hardened  and  crystallized, 
and  are  finally  elevated  into  theu-  present  position.  On 
the  coast  of  Florida,  coquina  or  shell  rock  is  found.  It  Is 
a  mass  of  fragments  of  shells  cemented  by  calcium  carbon- 
ate, and  in  time  will  become  compact  limestone.  Chalk 
is  the  remains  of  shells  of  minute  animals.  When  exam- 
ined under  a  microscope,  a  good  specimen  is  seen  to  con- 
sist almost  entirely  of  tiny  shells.  The  ocean  contains 
myriads  of  minute  animals,  and  when  they  die,  their  shdls. 
which  are  calcium  carbonate,  sink  to  the  bottom.  Ab  a 
result,  the  ocean  bottom  is  partly  covered  with  a  gray 
mud,  called  globigcrina  ooze.     Under  the  microscope  this 
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ibks  like  Figure  64,  and  when  dried  and  compressed 
hardly  be  distinguished  from  clialk.  Hence  it  is  be- 
that  the  immense  beds  of  chalk  found  in  England 
her  places  were  formed  from  this  ooze.  Some  vari- 
if  chalk  under  the  microscope  resemble  the  ooze 


is).     Blackboard  crayon  is  a  mbcture  of  chalk  and 
Iting  is  a  variety  of  impure  chalk;  putty  is  a 
whiting  and  oil.     Coral  is  calcium  carbonate, 
accumulations  in  the  sea  are  the  skeletons  of  the 
lals. 

perties  of  calcium  carbonate,  discussed  in  Chap- 
"  may  be  profitably  reviewed  at  this  point. 
des  being  burned  into  lime,  immense  quantities  of 
ine  are  consumed  in  manufacturing  iron  and  steel, 
ited  States  alone  using  annually  over  seven  million 
this  industry. 
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Calcium  Ozlde,  CaO,  is  the  chemical  name  of  lime.  It 
is  a  hard,  white  solid.  Pure  lime  is  almost  infusible,  and 
when  heated  in  the  oxyhydrogen  flame,  it  gives  an  in- 
tensely bright  light,  sometimes  called  the  "lime  light  "(see 
Hydrogen).  In  the  electric  furnace  it  melts  and  volatil- 
izes, if  the  heating  is  prolonged.  Lime  containing  impuri- 
ties, Hlie  sand,  clay,  and  iron  compounds,  melts  quite  readily 
into  a  glass  or  slag.  Exposed  to  the  air,  lime  becomes 
"  air  slaked,"  i.e.  it  slowly  absorbs  water  and  carbon  diox- 
ide, swells,  and  soon  crumbles  to  a  powder,  which  is  a 
mixture  of  calcium  hydroxide  and  calcium  carbonate. 
Lime  and  water  combine  violently  and  liberate  consider- 
able heat,  as  is  often  seen  when  mortar  is  being  prepared, 
This  operation  is  called  "slaking,"  and  the  product  is 
"slaked  lime."  The  equation  lor  the  chemical  change 
is — 

CaO       +     H3O   =        Ca<OH)a 
Calcium  Oxide        Water        Calcium  Hydroside 

Fresh  lime  attacks  organic  matter,  and  is  therefore  often 
called  "  caustic  lime "  or  quicklime.  It  combines  with 
water  to  form  calcium  hydroxide  and  with  acids  to  form 
calcium  salts. 

Lime  is  one  of  the  most  important  substances.  It 
is  used  in  preparing  mortar,  cement,  metals,  in  making 
bleaching  powder,  calcium  carbide,  sodium  hydroxide, 
and  glass,  in  purifying  illuminating  gas  and  sugar,  to 
remove  hair  from  hides  before  the  process  of  tanning,  in 
dyeing  and  bleaching  cotton  cloth,  in  drying  gases,  andu 
a  disinfectant  and  fertilizer. 

Lime  is  prepared  on  a  large  scale  by  heating  limestone 
in  a  partly  closed  cavity  or  vessel.  The  decompositioD 
takes  place  according  to  the  equation  — 
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Fig.  66.  —  Continuous  limekiln. 


CaCOg      =       CaO       +       COg 

Caldum  Carbonate    Calcium  Oxide    Carbon  Dioxide 

The  carbon  dioxide  gas  escapes 
and  the  lime  is  left  in  the  kiln. 

Limestone  was  formerly  *'  burned  " 
in  a  cavity  on  a  hillside,  and  in  some 
regions  it  is  so  prepared  to-day.  An 
arch  of  limestone  is  built  across  the 
cavity  above  the  fire  pit,  and  limestone 
is  introduced  until  the  kiln  is  full. 
These  kilns  are  being  replaced  by  a 
niodem  kiln  (Fig.  66),  constructed  so 
that  the  heat  can  be  regulated  (at  B, 
^)}the  gases  swept  out,  and  the  prod- 
uct removed  continuously  (at  C,  C).   ^^ 

Limestone,  containing  more  than 
lo  per  cent  of  day,  forms  hydrau- 
lic lime,  which  becomes  very  hard 
When  wet  or  kept  in  contact  with  water.  Cements  are  varieties  of 
hydraulic  lime.  They  are  made  by  burning  a  mixture  (natural  or  arti- 
ficial) of  limestone,  clay,  and  sand,  and  grinding  the  product  to  a  very 
^e  powder.    Rosendale  and  Portland  are  the  common  brands. 

Calcium  Hydroxide,  Ca(0H)2,  is  a  white  powder.  It 
is  sparingly  soluble  in  water,  but  more  soluble  in  cold  than 
in  warm  water.  The  solution  has  a  bitter  taste,  an  alkaline 
reaction,  and  is  commonly  called  limewater.  Exposed  to 
the  air,  limewater  becomes  covered  with  a  thin  crust  of  cal- 
cium carbonate,  owing  to  the  absorption  of  carbon  dioxide. 
For  the  same  reason,  limewater  becomes  milky  or  cloudy 
when  carbon  dioxide  is  passed  into  it.  The  formation  of 
calcium  carbonate  in  this  way  is  the  usual  test  for  carbon 
dioxide.      The  equation  for  this  chemical  change  is  — 

Ca(0H)2  +  CO.  =  CaCOg  +  H2O 

Limewater        CarbJn        Calcium 

Dioxide     Carbonate 
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Limewater  is  prepared  by  carefully  adding  lime  to  consid- 
erable water,  allowing  the  mixture  to  stand  until  the  solid 
has  settled,  and  then  removing  the  pure  liquid.  When 
considerable  calcium  hydroxide  is  suspended  in  the  liquid, 
the  mixture  is  called  milk  of  lime.  Ordinary  whitewash 
is  thin  milk  of  hme.  Limewater  is  used  in  the  chemical 
laboratory  and  as  a  medicine. 

Ifortar  is  a  thick  paste  formed  by  mixing  lime,  sand,  and  water.  II 
slowly  hardens  or  "  sets,"  owing  to  the  loss  of  water  and  to  the  aljsoip- 
tion  of  carbon  dioxide.  It  hardens  without  much  shrinking,  andwben 
placed  between  bricks  or  stones  holds  them  firmly  in  place.  The  ami 
makes  the  mass  poroas  and  thus  facilitates  the  change  of  the  hydroridt 
into  the  carbonate.  The  sand  itself  is  changed  chemically  only  in  > 
slight  extent,  if  at  alt.  Hair  is  sometimes  added  to  make  the  mortar 
stick  better,  especially  when  it  is  used  as  plaster  for  walls. 

Calcium  Sulphate,  CaSOj.  —  Extensive  deposits  of  the 
different  forms  of  calcium  sulphate  are  found  in  England, 
France,  Nova  Scotia,  and  in  the  United  States,  especially 
in  Michigan,  Kansas,  Iowa,  Virginia,  Tennessee,  and  Ken- 
tucky. It  is  generally  found  in  volcanic  regions,  and  is 
often  associated  with  sulphur  and  limestone,  one  variety 
(anhydrite,  CaSO,)  being  found  with  salt.  Gypauni 
occurs  as  white  masses  or  transparent  crystals,  having  the 
composition  CaSO^  .  2  H^O.  Lustrous,  translucent,  soft 
crystals  are  called  selenite.  Fine  grained,  massive  kindi 
are  known  as  alabaster,  and  the  fibrous  kinds  as  satin 
spar. 

Gypsum  is  widely  used  as  a  fertilizer,  and  in  malung 
glass  and  porcelain.  Alabaster,  being  soft  and  beautiflili 
is  carved  into  statues  and  other  ornaments. 

Calcium  sulphate,  when  heated,  loses  its  water  of  crys- 
tallization, becomes  opaque,  and  falls  to  a  powder.  This 
powder,  if  moistened,  swells  and  quickly  "sets"  or  solidi- 
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(es  to  a  white,  porous  mass  with  a  smooth  surface.  When 
iroperly  prepared  this  powder  is  plaster  of  Paris,  which 
lerives  its  name  from  the  celebrated  gypsum  beds  near 
'aris,  Piaster  of  Paris  is  used  to  coat  walls,  to  cement 
[lass  to  metal,  but  more  largely  to  make  casts  and  repro- 
luctions  of  statues  and  small  objects.  Stucco  is  essen- 
ially  a  mixture  of  glue  and  piaster  of  Paris. 

To  make  plaster  of  Paris,  lumps  of  gypsum  (CaSO^ .  2  H^O)  are 
leated  (o  about  125''  C.  to  expel  part  of  the  water.  The  product 
(CaSO,),  -  HjO)  is  ground  fine.  The  "  setting  "  is  a  chemical  change. 
i"he  slightly  soluble  piaster  of  Paris  slowly  combines  with  water  to  form 
network  of  very  small  crystals  of  the  less  soluble  hydrated  calcium 
ulphate.    The  equation  is  — 

(CaSOJ„.H,0  +  jHjO  =  2(CaS0,.  aHjO)         J 
Piaster  of  Paris         Water  Gypsum  ( 

Calcium  Compounds  and  Hardness  of  Water.  —  Calcium  j 

lulphate  is  slightly  soluble  in  water,  and  calcium  carbon- 
He,  as  we  have  already  seen,  is  changed  into  the  unstable 
icid  carbonate  by  water  containing  carbon  dioxide.  Water 
containing  these  salts  of  calcium  is  called  hard  water. 
They  form  sticky,  insoluble  compounds  with  soap,  and  as 
ong  as  water  contains  such  salts,  the  soap  is  useless  as 
i cleansing  agent.  Heat  decomposes  acid  calcium  carbpn- 
ite,  and  the  hardness  due  to  calcium  carbonate  is  called 
:eniporary  hardness,  because  boiling  removes  it.  Bbt 
:he  hardness  caused  by  ca!cium__sulphate  cannot  be  so  re- 
moved, and  is  called  permanent  hardness.  Magnesiiim 
iulphate,  like  calcium  sulphate,  produces  permanent  hard- 
less.  Soft  water,  such  as  rain  water,  contains  little  or  no 
;alc)um  or  magnesium  salts. 

Calcium  Chloride,  CaClj,  is  a  white  solid.  It  absorbs 
noisture  rapidly,  and  is  used  to  dry  many  gases  and 
iquids.       The    crystallized   variety    dissolves    readily   in 
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water,  and  the  solution  is  attended  by  a  marked  fall  of  I 
temperature.     A  mixture  of  crystallized  calcium  chloride  | 
and  snow  produces  a  temperature  of  —  40°  C.     The  liquid  I 
left  from  the  interaction  of  calcium  carbonate  and  hydro- 
chloric acid  contains  calcium  chloride,  which  on  concentra- 
tion is  deposited  in  large  crystals.     These  readiSy  ab 
water,  but   lose   their  own  water  of  crystallization  when 
heated  above  300"  C.     This  anhydrous  calcium  chloride  is 
porous,  and  is  the  form  usually  used  as  a  drying  agent 
At  a  high  temperature  it  melts,  and  solidifies  in  cooling 
to  a  hard  mass  known  as  fused  calcium  chloride. 

Caldum  chloride  is  found  in  small  quantities  in  some  of  the  Stass- 
fiirt  salts.     It  is  obtained  in  large  quantities  as  a  by-producl  it 
manufacture  of  sodium  carbonate  (by  the  Solvay  process)  and  oths 
chemicals. 

Other  Cotnpounda  of  Calcium  have  aJready  been  discussed  and  may 
be  reviewed  liere.  They  are  calcium  fluoride,  calcium  carbide,  llie  lal- 
clum  phosphates,  and  calcium  hypochlorite.  Calcium  sulphide  (CaS) 
is  formed  by  heating  a  mixture  of  gj-psum  and  carbon  ;  like  Other  sul- 
phides, it  stains  silver  brown. 
^  Test  for  Calcium. — Calcium  compounds,  especially  the  chloride, 
color  the  Bunsen  flame  a  yellowish  red. 

STRONTIUM    AND    BARIUM. 

Strontium,  Sr,  and  Barium,  Ba,  are  uncommon  metallic  elet 
They  resemble  calcium  closely  in  their  physical  properties  and  chemital 
relations.  The  metals  themselves  never  occur  free,  and  are  hardly 
more  than  chemical  curiosities.  Their  compounds  are  abundant,  ami 
some  are  useful. 

Compounds  of  Strontium.  —  The  important  native  compounds  ait 
the  beautifully  crystallized  minerals,  StrontUntte  (strontium  carbonalt 
SrCO.,)  and  celestite  (strontium  sulphate,  SrSOJ.  Strontium  oiidt 
(strontia,  SrO),  like  lime,  is  made  by  healing  the  carbonate.  It  unjlts 
with  water  to  form  strontium  hydroxide  (Sr(0H)2),  which  is  used  in 
the  manufacture  of  beet  sugar.  Strontium  nitrate  (SrfNO,),)  anil 
other  salts  of  strontium  color  a  flame  crimson,  and  are  widely  used  in 
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making  fireworks,  especially  "red  fire."    The  latter  is  a  mixture  of 
potassium  chlorate,  shellac,  and  strontium  nitrate. 

The  production  of  the  crimson  colored  flame  is  the  test  for  stron- 
tium. 

Compounds  of  Barium.  — The  most  abundant  native  compounds  are 
witherite  (barium  carbonate,  BaCOg)  and  barite  (barium  sulphate, 
BaS04).  The  oxides,  BaO  and  BaOg,  have  already  been  mentioned  as 
a  source  of  oxygen.  Barium  hydroxide  (Ba(0H)2)  solution  is  often 
called  baryta  water,  and  it  forms  the  insoluble  barium  carbonate 
(BaCOg)  when  exposed  to  carbon  dioxide.  Barium  chloride  (BaCl2)  b 
used  in  the  laboratory  to  test  for  sulphuric  acid  and  soluble  sulphates, 
because  it  readily  interacts  with  them  and  forms  the  msoluble  barium 
sulphate  (BaSO^).  This  precipitated  salt  is  a  fine,  white  powder,  and 
being  cheap  and  heavy  it  is  a  common  adulterant  of  the  ordinary  white 
paint.  Ground  native  barium  sulphate  has  a  similar  use.  Barium  sul- 
phate is  also  used  to  increase  the  weight  of  paper  and  to  give  it  a  gloss. 
Barium  salts  color  a  flame  green,  and  barium  nitrate  (Ba(N03)2)  is 
extensively  used  in  making  fireworks,  especially  "green  fire."  Com- 
mercial barium  sulphide  (BaS),  as  well  as  the  sulphides  of  calcium 
and  strontium,  shine  feebly  in  the  dark,  after  having  been  exposed  to  a 
bright  light.  On  account  of  this  property  they  are  used  in  making 
luminous  paint.     Soluble  barium  salts  are  poisonous. 

The  production  of  the  green  flame  is  the  test  for  barium. 

EXERCISES. 

1.  Name  the  alkaline  earth  metals.     What  is  the  symbol  of  each  ? 

2.  Name  several  compounds  of  calcium.  What  proportion  of  the 
earth's  crust  is  calcium  ? 

3.  Describe  the  preparation  and  state  the  properties  of  calcium. 

4.  What  is  the  formula  of  calcium  carbonate  ?  State  the  properties, 
occurrence,  and  uses  of  (a)  limestone,  and  (d)  marble. 

5.  State  the  essential  characteristics  of  (a)  calcite,  (d)  Iceland  spar, 
(c)  stalactites,  (d)  Mexican  onyx,  (e)  travertine,  (/)  coquina,  (g) 
chalk,  (A)  coral. 

6.  Review  the  properties  of  calcium  carbonate,  especially  its  solu- 
oility  (see  Chapter  XIV). 

7.  State  the  uses  of  (a)  limestone,  (d)  marble,  (c)  chalk. 

8.  Describe  the  formation  of  (a)  limestone  caves,  (6)  chalk,  (c) 
soiai. 
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9.  What  is  the  formula  and  chemical  name  of  lime  ?  State  the 
properties  and  uses  of  lime.  How  is  it  made  F  State  the  equatioD  bx 
the  chemical  change. 

10.  What  is  {a)  quicklime,  (6)  slaked  lime,  (<:)  hydraulic  lime,  (</) 
Portland  cement,  (e)  "  air-slaked  "  lime  f 

I  [ .  What  is  the  formula  of  caldura  hydroxide  ?  How  is  it  fonned  1 
What  are  its  properties  ?  How  does  it  interact  with  carbon  dioddei 
State  the  equation  for  the  reaction. 

12.  What  is  (a)  liraewater,  (*)  milk  of  lime,  (c)  whitewash  ? 

13.  What  is  mortar  ?  How  is  it  prepared  f  For  what  is  it  used? 
How  does  it  change  chemically  with  age  ?     What  is  plaster  ?  1 

14.  Discuss  the  occurrence  of  calcium  sulphate.  State  the  chief 
properties  of  (a)  gypsum,  (i)  selenite,  (ej  alabaster,  ((/)  satin  spir. 
For  what  are  gypsum  and  alabaster  used  ? 

15.  What  is  plaster  of  Paris  ?  Why  so  called  ?  How  is  it  ]J^^ 
pared  ?  What  is  its  chief  property  ?  What  are  its  uses  ?  What  ii 
the  chemical  explanation  of  "  selling ''  ?    What  is  stucco  ? 

16.  What  is  hard  water  ?  How  does  it  act  with  soap  ?  What  is 
(a)  temporary  hardness,  and  (6)  permanent  hardness  ?  How  may  eadi 
beremoved?    What  is  soft  water  f    Whyis  rain  water  oftencalledsoft 

17.  Summarize  the  properties  of  calcium  chloride.  What  is  ils 
formula  ?     How  is  it  prepared  ? 

18.  Review  the  essential  properties  of  (a)  calcium  fluoride,  (*)  ol* 
dum  carbide,  (c)  tricalcium  phosphate,  (d)  bleaching  powder. 

19.  What  is  the  test  for  (a)  calcium,  (6)  strontium,  (e)  barium? 

20.  State  the  use  of  (a)  strontium  hydroxide,  and  (d)  stroadum 

31.  For  what  are  (a)  barium  hydroxide,  (i)  barium  nitratCi  (0 
barium  sulphide,  and  (li)  harii-m  chloride  used  ?  Describe  bBiiuB 
sulphate. 

PBOBLEHS.  ' 

1.  What  is  the  per  cent  of  calcium  in  (a)  marble  (CaCOO, 
(i)  gypsum  (CaSO, .  a  H^),  (^)  fluor  spar  (CaFg),  (<^)  superphos- 
phate of  lime  (CaH.CPO.ij!  ? 

2.  How  many  tons  of  limestone  must  be  heated  to  produce  loo 
tons  or  quicklime  ?     (Assume  CaCO,,  =  CaO  +  CO..) 

3.  Calculate  the  simplest  formula  of  a  compound  having  the  per- 
centage composition  Ca  =  40,  C  =  12,  O  =  48. 


CHAPTER  XXIV. 

MAGNESIUM,  ZINC,  CADMIUM,  AND  MERCURY. 

These  elements  form  a  natural  group,  though  the  mem- 
bers are  not  so  closely  related  as  the  alkali  and  alkaline 
earth  groups.  Zinc  and  cadmium  are  much  alike,  and  both 
also  resemble  magnesium.  Mercury  differs  somewhat 
from  zinc  and  cadmium,  but  resembles  copper. 

MAGNESIUM. 

Occtirrence    of    Magnesium.  —  Magnesium   is   never 

found  free.     In  combination  it  is  widely  distributed  and 

Very  abundant,  constituting  about   2.5    per  cent  of  the 

Earth's  crust.     Dolomite  is  magnesium  calcium  carbonate 

(CaMg(C03)2);  it  forms  whole  mountain  ranges  and  vast 

deposits;  beds  hundreds  of  feet  thick  cover  thousands  of 

Square  miles  in  the  upper  Mississippi  valley.     Dolomite 

closely   resembles    marble    and    limestone.      Magnesium 

Carbonate     is    also    abundant.     Many   of    the    Stassfurt 

Salts    contain    magnesium,    for    example,    kainite    (KCl, 

MgS04.3H20),     carnallite    (KCl,    MgClg .  6  H2O),   and 

kieserite  (MgS04 .  H2O).      It    is    also    a    component    of 

serpentine,   talc,    soapstone,   asbestos,   meerschaum,    and 

other  silicates.     The  sulphate  and  chloride  are  found  in 

sea  water  and  in  mineral  springs. 

Through  the  decay  of  rocks,  magnesium  compounds  find  their  way 
into  the  soil,  from  which  they  are  taken  up  by  plants.  Magnesium 
phosphates  are  found  in  the  bones  of  animals  and  the  seeds  of  grains, 
and  also  in  guano. 
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Preporatloil  of  Uagnesium.  —  Magnesium  was  formerly  prepared  l>y 
reducing  llie  chloride  witli  sodium.     It  is  now  economically  manufac- 
tured by  electrolysis.    A  sketch  of  the  essential  parts  of  the  apparatus 
is  shown  in  Figure  67.     CarnalHte  is  put  into  the  cylindrical  iron  vesael» 
C,  which  is  the  cathode.     This  is  closed  by  the  air-tight  cover  througti 
which  pass  the  pipes,  ZJ,  I}',  for  conveying  inert  gases  into  and  out  of 
the  apparatus.     The  carbon  auode.  A,  dips  into  the  camallLte  and 
b  inclosed  by  the  porcelain  cylinder,  B,  which  is  provided  with  3t. 
pipe,  E,  for  the  escape  of  the  chlorine 
liberated  at  the  anode.     The  camallile 
is  kept  fused  by  external  heat.    Whet* 
the  current  passes,  the  chlorine  liberaleii 
'   at   the  anode  escapes   through  E,  anci- 
the  magnesium  liberated  at  the  calhod^^ 
floats  on  the  fused  carnallite  and  is  pre- — 
vented  from  oxidizing  by  the  inert  ga^*- 
supplied    through    D.      The    porcelaic^^ 
cylinder,  B,  prevents  the  chlorine  frone"^ 

^       ,         ,  ,       .  escaping  into  the  larger  vessel.     Th^S 

Fig.  67.  —  Apparatus   for   the  "^    *  ,        .  ,„  =a 

manufacture  of  magnesium  by  ihe  moHen  magnesmm  IS  carefiilly  removec=J 

electrolysis  ot  caruallite.  at  intervals. 

Properties  of  Magnesium.  —  Magnesium  is  a  lustrous-, 
silvery  white  metal.     It  is  a  light  metal,  the  specific  gra\-^- 
ity  being  only  1.75,     It  is  tenacious  and- ductile,  and  whe^^ 
iiot  may  be  drawn  into  wire  or  pressed  into  ribbon,  the 
latter  being  a  common  commercial  form,     It  melts  at  a  re<J 
heat  and  may  be  cast  into  different  shapes.     At  a  h\gb     , 
temperature  it  volatilizes.     It  is  easily  kindled  by  a  match 
or  candie,  and  bums  with  a  dazzHng  white  light,  producing 
dense  white  clouds  of  magnesium  oxide  (MgO).     It  does 
not  tarnish  in  dry  air,  but  in  moist  air  it  is  soon  covered 
with  a  film  of  oxide.     It  liberates  hydrogen  from  acids. 
Heated  in  nitrogen,  it  forms  magnesium  nitride  (MggN], 
see  Composition  of  Ammonia), 

Uses  of  Magnesium.  —  Magnesium  in  the  form  of  pow- 
der  is   used   chiefly    in   taking    flash-light   photographs. 
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quantities  are  used  in  making  fire-works;  and 
the  powder  and  wire  are  used  in  the  chemical 
tory. 

^nesium  Oxide,  MgO,  is  a  white,  bulky  powder.  It 
aed  when  magnesium  bums  in  the  air,  but  it  is  man- 
red  by  gently  heating  magnesium  carbonate,  just  as 
J  made  from  limestone.  It  is  often  called  magnesia, 
cined  magnesia.  The  native  oxide  is  the  mineral 
ise.  Magnesia  dissolves  with  difficulty  in  water, 
ig  magnesium  hydroxide  (Mg(0H)2).  A  mixture 
gnesia  and  water,  with  or  without  magnesium  chlo- 
lardens  on  exposure  to  the  air,  and  is  often  used  as  a 
t  or  artificial  stone.  Native  magnesium  hydroxide 
mineral  brucite.  Like  lime,  magnesia  withstands 
1  temperature,  and  is,  therefore,  used  as  the  chief 
lent  of  a  protective  mixture  for  steam  pipes  and  ves- 
hich  are  subjected  to  great  heat.  Magnesia  is  used 
ledicine  for  dyspepsia  and  an  antidote  for  poisoning 
leral  acids. 

^nesium  Sulphate,  MgS04,  is  a  white  solid.  There 
jveral  crystallized  varieties.  The  native  salt  kie- 
(MgS04 .  HgO)  when  added  to  water  changes  into 
1  salts  (MgS04 .  7  HgO).  This  variety  was  first 
in  the  mineral  spring  at  Epsom,  England.  It  is 
oluble  in  water,  and  its  solution  has  a  bitter  taste, 
xtensively  used  as  a  medicine,  in  manufacturing  sul- 
;  of  sodium  and  potassium,  as  a  fertilizer  in  place  of 
m.  and  as  a  coating  for  cotton  cloth. 

aesium  Chloride,  MgClg,  is  a  white  solid.  It  is  a  by- 
in  the  preparation  of  potassium  chloride.  The  crystallized 
gClg  .  6  HoO)  is  very  deliquescent.  Magnesia  mixture  is  a  mix- 
magnesium  chloride,  ammonium  chloride,  and  ammonium  hy- 
;  it  is  used  in  chemical  analysis. 
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Magnesium  Carbonate,  MgCO^  occurs  native  as  magneslt^  (OrfBH 
combined  with  calcium  carbonate  as  dolomite.      Tlie  commercial  sal* 
known  as  iiiagiicsia  alba,  or  simply  magnesia,  is  a  complex  compouncJ 
(Mg(OH)j,  4  MgCOj  ■  4  H.p),    Several  of  these  complex  basic  carbon- 
ates are  known.     Many  face  powders  consist  chiefly  of  magnesia  aiba. 

It  was  during  an  investigation  of  magtusia  alba  that  Black  disco''" — 
ered  carbon  dioxide  and  showed  the  dose  relation  between  analogoii^ 
compounds  of  magnesium  and  calcium. 

Miscellaneous.  —  Besides  the  oxide  aad  sulphate,  other  compound.^ 
are  used  as  medicines.  Fluid  magaesia,  prepared  by  dissolving  mig— 
nesium  carbonate  in  water  containing  carbon  dioxide,  is  a  mild  laxative- 
Hagnesium  citrate  has  a  similar  action ;  it  is  aa  effervescing  miiMr^e 
prepared  from  sodium  bicarbonate,  tartaric  and  citric  adds,  sugar,  ^d 
magnesium  sulphate. 

ZINC. 

Occurrence  of  Zinc.  —  Free  zinc  is  never  found.  The 
ores  of  zinc  are  not  numerous,  but  are  widely  distributed- 
The  chief  ores  are  zinc  sulphide  (sphalerite,  zinc  blende» 
ZnS),  zinc  carbonate  (smithsoiiite,  ZnCOg),  zinc  siKcate 
(calamine,  H^Zn^SiOg),  and  red  zinc  oxide  (zincite,  ZnO)- 
Franklinite  and  willemite  are  ores  of  zinc  containing 
manganese  and  iron,  Gahnite  has  the  composition 
ZnALjOj. 

Zinc  ores  are  found  in  Germany,  Italy,  France,  Greece,  Spain,  Anstita* 
Hungary,  Belgium,  England,  and  the  United  States.  Missouri  sW* 
Kansas  contain  large  deposits  of  the  sulphide,  while  the  other  or« 
occur  chiefly  in  New  Jersey.  About  200,000  tons  of  zinc  are  pro- 
duced in  the  United  States  annually,  and  over  60  per  cent  comes  froB 
Missouri-Kansas.  This  amount  is  about  one-third  of  the  world'J 
production. 

Metallurgy  of  Zinc.  — Zinc  is  easily  smelted.    The  ores 
are  first  roasted  to  change  them  into  the  oxidCj  thus — 

ZnCOs     =       ZnO     +         COa 
Zinc  Carbonate      Zinc  Oxide      Carbon  Dioxide 
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ZnS      +30=     ZnO     +         SO, 
Zinc  Sulphide        Oxygen      Zioc  Oxide     Sulphur  Dioxide 

["he  oxide  is  then  reduced  by  heating  it  with  charcoal 
This  operation  is  conducted  in  earthenware  tubes  or  fire- 
-lay  crucibles  connected  with  iron  receivers  into  which  the 
sine  vapor  passes ;  at  first  it  condenses  as  a  powder  known 
as  zinc  dust,  somewhat  as  sulphur  forms  flowers  of  sul- 
phur; but  it  finally  condenses  as  a  liquid,  which  is  drawn 
off  at  intervals  and  cast  into  bars  or  plates.  The  impure 
zinc  thus  obtained  is  called  spelter ;  it  is  freed  from  carbon, 
lead,  iron,  cadmium,  and  arsenic  by  repeated  distillation, 
often  under  reduced  pressure. 

Properties  of  Zinc.  —  Zinc  is  a  bluish  white,  lustrous 
foetal.  Its  physical  properties  vary  with  the  temperature. 
Ac  ordinary  temperatures  it  is  brittle,  but  at  100°—  150°  C. 
't  is  soft  and  may  be  rolled  into  sheets  and  drawn  into 
^•"e,  while  Its  specific  gravity  rises  from  6,9  to  7.2.  Zinc 
*hich  has  been  rolled  or  drawn  does  not  become  brittle 
'Jpon  cooling.  At  200°  C.  it  again  becomes  brittle  and 
"^*in  be  easily  pulverized.  It  melts  at  about  420°  C.  and 
■"oils  at  about  920°  C.  Heated  in  the  air  above  its  melting 
point,  zinc  bums  with  a  bluish  green  flame,  forming  white 
^'"c  oxide  (ZnO),  Zinc  does  not  tarnish  in  dry  air,  but 
°''dinarily  it  becomes  coated  with  a  dark  film.  Commercial 
^'nc  interacts  with  acids  and  usually  liberates  hydrogen. 
With  hot  solutions  of  sodium  and  potassium  hydroxides,  it 
'orms  zincates  and  liberates  hydrogen,  thus  — 

2K;0H  +  Zn    =        Ha       +        K^ZnOy 

Poiasslum  Hydroxide      Zinc  Hydrogen      Potassium  Zincate 

fiire  zinc  interacts  with  acids  If  in  contact  with  a  platinum 
wire,  or  if  copper  sulphate  solution  is  added.     Like  copper, 
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zinc  withdraws  other  metals  (c.^.  lead  and  mercury)  fi 
their  solutions. 

The  vapor  deiisily  of  zinc  requires  the  molecular  weight  67.6.  Siim 
tiic  atomic  weiffht  is  65. 37^  a  molecule  of  the  vapor  coataina  only  one 

Uses  of  Zinc.  —  Zinc  in  stick  or  plates  is  extensively 
used  as  the  positive  plate  in  electric  batteries.  Sheet  zinc 
is  used  as  a  lining  for  tanks,  and  as  the  protective  cover- 
ing which  is  placed  behind  and  beneath  stoves.  Iron 
dipped  into  melted  zinc  becomes  coated  with  zinc  and  13 
called  galvanized  iron ;  it  does  not  rust  easily  and  is  widely 
used  for  roofs,  pipes,  cornices,  and  water  tanks.  Telegraph 
wire  is  also  galvanized.  Zinc  dust  is  used  in  the  cyanide 
process  of  extracting  gold  and  in  many  chemical  experi- 
ments in  the  laboratory.  Brass,  German  silver,  and  other 
alloys  contain  zinc  (see  Alloys  of  Copper).  Antifriction 
metals,  which  are  used  for  bearings,  are  alloys  of  zinc, 
Babbitt's  metal,  for  example,  contains  6g  per  cent  of  zmc, 
19  of  tin,  4  of  copper,  3  of  antimony,  and  5  of  lead. 

Compounds  of  Zinc.  —  Native  zinc  oxide  is  red,  owing 
to  the  presence  of  manganese,  but  the  pure  oxide  is  white 
when  cold  and  yellow  when  hot.  It  is  formed  when  zinc 
burns,  and  is  manufactured  in  this  way  or  by  heating  zinc 
carbonate.  It  is  often  called  "zinc  white"  or  "Chinese 
white,"  and  is  used  to  make  a  white  paint  which  is  not  dis- 
colored by  the  atmosphere.  Native  zinc  sulphide  is  yel- 
low, brown,  or  black  on  account  of  impurities,  but  the  pure 
sulphide  is  white.  The  latter  is  formed  as  a  jellylike  pr^ 
cipitate  when  hydrogen  sulphide  is  passed  into  an  alkaline 
solution  of  a  zinc  salt ;  it  is  decomposed  by  a  mineral  acid. 
Zinc  sulphide  is  also  used  as  a  white  pigment.  Zinc 
sulphate  is  formed  by  the  interaction  of  zinc  and  dilute 
sulphuric  acid.      Large  quantities  are  made  by  roasting 
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e  sulphide  in  a  limited  supply  of  oxygen  and  extracting 
e  sulphate  with  water.  It  is  a  white,  crystallized  solid 
■nSOj.  7  HjO),  which  effloresces  in  the  air,  and  when 
;ated  to  100°  C.  loses  most  of  its  water  of  crystallization, 
he  crystallized  salt  is  called  white  vitriol.  It  is  used  in 
'eing  and  calico  printing,  as  a  disinfectant,  and  as  a  medi- 
ne.  It  is  poisonous,  but  can  be  safely  used  externally  to 
lieve  inflammation.  Zinc  chloride  (ZnCla)  is  a  white, 
iliquescent  solid,  prepared  by  dissolving  zinc  in  hydro- 
iloric  acid  and  evaporating  the  solution  until  a  sample 
lidifies  on  cooling.  It  is  used  in  surgery,  and  also  as  a 
nstituent  of  a  mixture  for  filling  teeth;  large  quantities 
E  used  to  preserve  wood,  especially  railroad  ties,  from 
cay,  nearly  1 500  tons  being  annually  consumed  for  this 
rpose.  Zinc  hydroxide  {Zn{0'li\)  is  formed  by  the 
eraction  of  sodium  or  potassium  hydroxide  and  the  solu- 
n  of  a  zinc  salt.  An  excess  of  the  alkaline  hydroxide 
anges  the  zinc  hydroxide  into  a  zincate. 
Tests  for  Zinc.  —  The  formation  of  the  sulphide  or  hydroxide,  as 
)ve  described,  serves  as  the  test  for  zinc.  A  green  incrustation  is 
idiiced  when  zinc  compounds  are  heated  on  charcoal  and  then  moU- 
ed  with  a  cobaltous  nitrate  solution. 

Cadmium.  Cd,  is  an  uncommon  metal,  frequently  found  in  zinc  ores. 
:ccurs  native  as  a  sulphide  (greenockite,  CdS).  It  is  white,  lustrous, 
1  rather  soft.  Its  specific  gravity  is  8.6,  and  its  melting  point  is 
)ut  320°  C.  Cadmium  is  a  constituent  of  certain  fusible  alloys  (see 
imuth).  Wood's  metal  contains  12  percent  of  cadmium.  Themost 
portant  compound  is  cadmium  sulphide  (CdS).  This  is  a  bright 
low  solid,  formed  by  adding  hydrogen  sulphide  to  the  solution  of  a 
linium  compound.  It  is  used  as  an  artist's  color.  Its  formation  also 
ves  as  the  teat  for  cadmium. 

MERCURY. 

Occurrence  of  Mercary.  —  Native  mercury  is  occasion- 
y  found  in  minute  globules,  but  the  most  abundant  ore 
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is  mercuric  sulphide  (cinnabar,  HgS).  The  ore  is  miiKJ 
in  Spain,  Austria,  Russia,  Italy,  and  Mexico ;  in  the  United 
States  large  quantities  are  obtained  in  California,  and 
deposits  were  recently  opened  in  Texas. 

The  annual  production  of  the  United  States  for  several  yeais  Iw 
been  about  1500  tons. 

Mercury  has  been  known  for  ages  as  quicksilver.  The  Latin  tem, 
hydrargyrum,  which  gives  us  the  symbol  Hg,  means  literally  "watet 
silver,"  emphasiziag  the  &ct,  so  well  known,  that  mercury  looks  IBis 
silver  and  Sows  like  water. 

Preparation  of  Mercury.  —  Mercury  is  readily  prepared 
by  roasting  cinnabar  in  a  current  of  air.  Sulphur  dioxide 
and  mercury  are  formed,  thus  — 

HgS         +         O,         =         Hg         +         SO, 
Cinnabar  Oxygen  Mercury  Sulphur  Diodle 

The  sulphur  dioxide  is  usually  allowed  to  escape,  but  the 
mercury  vapor  is  condensed  by  passing  it  into  large  cham- 
bers, or  through  pear-shaped  retorts  or  pipes,  called  aSudels 
(see  Iodine).  Crude  mercury  is  freed  from  dirt  and  me- 
chanical impurities  by  pressing  it  through  linen  or  chamois 
leather,  but  it  must  be  distilled  to  separate  it  from  dissolveii 
metals,  such  as  lead  or  zinc.  It  can  also  be  purified  by 
treatment  with  dilute  nitric  acid.  Merctu-y  is  sent  inW 
commerce  in  strong  iron  flasks,  holding  about  75  pounds. 
Properties  of  Mercury.  —  Mercury  is  a  bright,  silvery 
metal,  and  is  the  only  one  which  is  liquid  at  ordinary  teni- 
peratures.  It  solidifies  at  about  —  39.5°  C.  It  is  a  heavy 
metal,  the  specific  gravity  being  13.59.  I*  is  slightly  vola- 
tile even  at  ordinary  temperatures,  and  the  vapor  is  poison- 
ous. Mercury  does  not  tarnish  in  the  air,  unless  sulphur 
compounds  are  present.  At  a  high  temperature,  it  com- 
bines slowly  with  oxygen  to  form  the  red  oxide  (HgO) 
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irochloric  acid  and  cold  sulphuric  acid  do  not  affect  it ; 
concentrated  sulphuric  acid  oxidizes  it,  and  nitric  acid 
iges  it  into  nitrates. 

be  vapor  density  of  mercury  requires  the  molecular  weight  198.72. 
i  the  atomic  weight  is  200,  a  molecule  of  the  vapor  contains  only 
itom. 

malgams  are  alloys  of  mercury  with  other  metals. 
y  are  easily  prepared  by  mixing  the  constituents, 
etimes  the  union  is  violent  as  in  the  preparation  of 
um  amalgam.  Amalgamated  zinc  is  usually  used  in 
trie  batteries  to  prevent  unnecessary  loss  of  the  zinc. 
amalgam  is  sometimes  used  to  coat  mirrors.  Amal- 
s  of  certain  metals  are  used  as  a  filling  for  teeth.  Care 
lid  be  taken,  while  handling  mercury,  not  to  let  it  come 
ontact  with  rings  or  jewelry,  since  gold  amalgam  is 
ily  formed. 

ses  of  Mercury.  —  Mercury  is  used  in  making  ther- 
leters,  barometers,  and  some  kinds  of  air  pumps.  Its 
nsive  use  in  extracting  gold  and  silver  has  been  men- 
id  (see  Amalgamation).  Large  quantities  are  used  in 
taring  certain  medicines  and  explosives  (^.^.  fulminating 
:ury,  which  is  used  in  cartridges). 

mpounds  of  Mercury.  —  Mercury,  like  copper,  forms  two  classes  of 
ounds  —  the  mercurous  and  the  mercuric.  Mercuric  oxide  (HgO) 
red  powder,  produced  by  heating  mercury  in  air  or  by  heating  a 
ire  of  mercury  and  mercuric  nitrate.  As  we  have  already  seen, 
iric  oxide  is  decomposed  by  heat  into  mercury  and  oxygen.  A 
V  variety  is  produced  by  the  interaction  of  sodium  hydroxide  and  a 
iric  salt,  thus  — 

f^aOH     +     Hg(N03)2    =     HgO     +     2NaN03     +     HjO 
Ddium  Mercuric  Mercuric         Sodium 

droxide  Nitrate  Oxide  Nitrate 

iut>U8  chloride  (HgaClg  or  HgCl)  is  a  white,  tasteless  powder, 
ible  in  water.    It  is  formed  when  a  chloride  and  mercurous  nitrate 
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interact,  but  it  is  manufactured  by  heating  a. 
and  mercury.  Under  the  name  of  calomel  it  is  extensively  iise( 
medicine.  Mercuric  chloride  (HgCy  is  a  white,  crystalline  solid, 
ble  in  water  and  in  iilcohQl.  It  is  prepared  by  heating  a  mixti 
mercuric  sulphate  and  common  salt.  //  is  a  moUnt  poison.  The 
antidote  is  the  white  of  a  raw  egg.  The  albumen  forms  an  insi 
mass  with  the  poison,  which  may  then  be  removed  mechanicaUj 
the  stomach.  The  common  name  of  mercuric  chloriiie  is  con 
sublimate.  It  has  strong  antiseptic  properties,  and  is  extensivel) 
in  surgery  to  protect  wounds  from  the  harratul  action  of  germs ; 
dermists  sometimes  use  it  to  preserve  skins,  and  it  has  many  servii 
applications  as  a  medicine  and  disinfectant.  It  is  usually  usee 
dilute  solution  (i  part  to  1000  parts  of  water).  Native  mercori 
phide  or  cinnabar  (HgS)  is  a  red,  crystalline  solid.  When  hyd 
sulphide  is  passed  into  a  solution  of  a  mercuric  salt,  mercuric  sul 
is  formed  as  a  black  powder;  this  variety,  when  heated,  change 
red  crystals. 

Vermllioa  is  artificial  mercuric  sulphide.  It  is  manu&ctured 
(1)  by  grinding  together  mercury  and  sulphur,  and  treating  this 
with  caustic  potash  solution,  or  (2)  by  heating  mercury  and  aulpl 
iron  pans  and  subliming  the  black  mass.  In  both  processes  the  pr 
must  be  carefully  ground,  washed,  and  dried.  Chinese  vermilion 
best  quality.  Vermilion  has  a  brilliant  red  color,  and,  although  e 
aive,  is  widely  used  to  make  red  paint. 

Hercurous  Nitrate  (HgNO,,  or  HgjCNO^)^)  and  mercuric  n 
{Hg(NO,),)  are  prepared  by  treating  mercury  respectively  with 
dilute  nitric  acid,  and  with  hot  concentrated  nitric  add.  The, 
white,  crystalline  solids. 

EXERCISES. 

I.  Name  the  chief  native  compounds  of  magnesium.  What 
portion  of  the  earth's  crust  is  magnesium  ? 

3.  Describe  the  manufacture  of  magnesium  by  the  electrolya 
Carnallite. 

3.  Summarize  the  properties  of  magnesium.     State  its  uses. 

4.  What  is  the  formula  and  chemical  name  of  magnesium  ? 
is  magnesia  formed  ?    State  its  properties  and  uses. 

5.  Describe  the  different  varieties  of  magnesium  sulphate- 
the  uses  of  Epsom  salts. 
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6.  What  is  the  formula  of  magnesium  carbonate  ?  What  is  (a) 
^nesite^  (d)  dolomite,  (c)  magnesia  alba?  For  what  is  the  last  sul> 
aoe  used  ? 

7.  Name  the  chief  ores  of  zinc.    Discuss  their  occurrence. 

8.  Describe  the  metallurgy  of  zinc.  What  is  (a)  zinc  dust^  and 
spelter?    How  is  zinc  purified  ? 

9.  Summarize  (a)  the  physical  properties  of  zinc,  and  (d)  the  chem- 
\  properties. 

0.  State  the  uses  of  zinc. 

1.  Review  the  alloys  of  copper  which  also  contain  zinc.  What 
»ys  are  largely  zinc  ? 

2.  Describe  native  and  piu*e  zinc  oxide.  For  what  is  the  latter 
d? 

3.  Describe  zinc  sulphate.     How  is  it  formed  and  for  what  is  it 

d? 

i4>  Describe  zinc  chloride.    For  what  is  it  used? 

15.  What  are  the  tests  for  zinc  ? 

16.  State  the  properties  and  uses  of  (a)  cadmium,  and  (^)  cadmium 
phide. 

17'  What  is  the  chief  ore  of  mercury  ?    Where  is  it  found  ? 

18.  What  is  the  symbol  of  mercury  ?    What  is  the  literal  meaning 

the  word  from  which  it  is  formed  ? 

'9.  Describe  the  preparation  and  purification  of  mercury.    How  Is  it 

Dsported? 

•0.  Summarize  the  properties  of  mercury. 

•I.  What  are  amalgams?    Name  three,  and  state  the  use  of  each. 

2.  For  what  is  mercury  used  ? 

3.  Describe  mercuric  oxide.    What  historical  interest  has  it  ? 

4.  Describe  mercurous  chloride.  What  is  its  commercial  name? 
te  its  use. 

5.  Describe  mercuric  chloride.  What  is  its  commercial  name? 
V  does  it  differ  from  mercurous  chloride  ?    State  its  use. 

5.  What  is  the  formula  and  chemical  name  of  cinnabar  ?  Describe 
labar.    What  is  vermilion  ?     How  is  it  manufactured?    State  its 

^  What  is  (a)  magnesia,  (d)  Epsom  salts,  (c)  galvanized  iron, 
Chinese  white,  (^)  white  vitriol,  (/)  calomel,  (£)  corrosive  subli- 
?? 
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PROBLEMS. 

1.  How  much  magnesium  will  be  formed  by  heating  loo  gm.  of 
potassium  with  magnesium  chloride?  (Assume  K^+MgOiS 
Mg  +  2  KCl.) 

2.  What  is  the  per  cent  of  magnesium  in  (a)  magnesite  (MgCQJi 
(d)  dolomite  (MgCa(  003)2),  (0  Epsom  salts  (MgS04  •  7  H^O  )  ? 

3.  What  is  the  per  cent  of  zinc  in  (a)  zinc  sulphate  (ZnSO^),  (0 
zmc  sulphide  (ZnS),  (c)  zinc  chloride  (ZnClj),  (^)  zinc  oxide  (ZnO)? 

4.  How  much  zinc  sulphate  can  be  prepared  from  65  gm.  of  anc? 
From  130  gm.?    From  720  gm.? 

5.  How  much  mercury  is  formed  by  decomposing  400  gm.  rf  C»»it2 
nabar  ?    (Assume  HgS  +  O2  =  Hg  +  SOg.)  fc> 

6.  What  is  the  per  cent  of  mercury  in  (a)  mercuric  oxide  (HgQA 
(d)  calomel  (HgjClg),  (c)  corrosive  sublimate  (HgCy  ? 
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ALUUminH. 

kice. — Aluminium  does  not  occur  free  in  nature, 

npounds  are  numerous,  abundant,  and  widely 
About  8  per  cent  of  the  earth's  crust  is 
it  is,  therefore,  the  most  abundant  metal, 
imon  rocks  and  minerals  are  silicates  of  alumin- 
ther  metals,  e.^.  feldspar  and  mica,  which  make 
part  of  granite  and  gneiss.  Clay  and  slate  are 
pate  of  aluminium,  formed  by  the  decomposition 
[  aluminium  minerals.  Corundum  and  emery 
ium  oxide  (Al^Og)  more  or  less  impure.  Baux- 
rdroxide  of  aluminium  (H^AljOj).  Cryolite  is  a 
aluminium  and  sodium  (NagAlFg). 

3  first  obtained  as  a  fine  powder  by  Wtihler  in  1827. 
^4,  prepared  it  in  compact  form  and  laid  the  foundation 
y  which  is  being  developed  by  Hall. 

e  alumimn.  i.e.  alum  +  turn,  to  emphasize  the 
E  metal  to  the  well-known  substance,  alum.     The  word   1 
.changed  iirst  I0  aluminum  and  then  to  aluminium.    Some^ 
live  the  word  alumium  from  the  I^lin  word  a 
le  of  aluminium  oxide. 


■gy.  —  Aluminium   is   obtained   from   its  ( 
electrolysis.    In  the  Hall  process,  wh^ 
open,  iron  box  lined  with  carbon  is  madt& 
,  68).     The    anode   consists   of   carbon  il'i 
copper  rod,  which  can  be  lowered  as  t 
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bon  is  consumed.  The  process  is  essentially  aal 
the  bottom  of  the  box  is  covered  with  cryolite,  the  ai 
are  lowered,  and  the  box  is  then  filled  with  cryolite, 
current  is  turned  on,  and  in  its  resisted  passage  thi 
the  cryolite  enough  heat  is  generated  to  melt  the  crj 
Pure,  dry  aluminium  o.\ide  is  now  added.  This  is  di 
posed  into  alumi 
and  oxygen.  Th{ 
pi  gen  unites  with 
carbon  of  the  ar 
foiming  carbon 
uoxide,  which  bm 
escapes.  The  n 
Fig,  68.— Apparatus  for  the  manufacture  of  aluminium  falls  t 
ttluminium    by  the    clectroiyais   of  almninlum     ,      ..  „., 

oxide.     CCCis  Ihe  iron  box  «h.cl    serves  aa     bottom.        Thcpr 
the  cathode       /I    ^    etc    are   cairbon  anodes     jg        COHtinUOUS, 
ftdached  to  (he  coppEr  rod  S  ...  . .    ■ 

alummmni  oxide 

added  and  the  molten  aluminium  being  drawn  off  at 
vals.  The  cryolite  is  unchanged,  and  merely  acts 
solvent  for  the  aluminium  oxide 

The  United  States  produces  over  15,000,000  pounds  of  alun 
annually,  and  the  output  is  steadily  increasing.  This  was  all  pre 
at  Niagara  Fails.  In  the  HeroultproceBB,  which  ts  used  in  Guiof 
involves  essentially  the  satne  principle  as  Hall's  process,  the  alum 
is  produced  as  an  alloy  (usually  of  copper). 

Aluminium  was  prepared  until  about  1885  by  a  complicated  pr 
(i)  Bauxite  was  changed  into  aliiminiura  oxide  free  from  iron  by: 
with  sodium  carbonate  and  treatment  with  carbon  dioxide-  (' 
aluminium  oxide  was  then  changed  into  aluminium  sodium  chlori 
fusion  with  sodium  chloride  and  charcoal  and  subsequent  IreatinM 
chlorine.  (3)  This  chloride  was  reduced  by  sodium,  thus— -■ 

AICI3      +      3Na      =      AI       + 
Aluminium        Sodium     Aluminium 


Aluminium,  345 

le  sodium  for  this  operation  was  prepared  by  the  Castner  process  (see 
dium)y  and  the  two  industries  were  developed  simultaneously. 
The  extensive  application  of  the  electrolytic  method  has  reduced  the 
ice  of  aluminium  from  about  $12  a  pound  during  1862- 1887  to  about 
cents  at  the  present  time. 

Properties.  —  Aluminium  is  a  bluish  white  metal.  It  is 
Jry  light  compared  with  other  common  metals,  since  its 
)ecific  gravity  is  only  about  2.6;  this  value  is  one  third 
lat  of  iron.  It  is  ductile  and  malleable,  and  is  often 
)ld  in  the  form  of  wire  and  sheets ;  it  must  be  annealed 
equently  during  the   hammering   or  drawing.     It  is  a 

I 

ood  conductor  of  heat  and  electricity.  Its  tensile 
length  is  about  as  great  as  that  of  cast  iron.  It  melts  at 
i)out  660°  C,  and  may  be  cast  and  welded,  but  not  readily 
>ldered  so  as  to  produce  a  permanent  joint.  The  cap  of 
le  Washington  Monument  is  a  casting  of  aluminium 
hich  weighs  about  eight  and  a  half  pounds.  Pure  alu- 
minium is  only  very  slightly  oxidized  by  air.  Hydrochlo- 
c  acid  changes  it  into  aluminium  chloride,  thus  — 

2AI     +     6HC1     =     2AICI8     +     3H2 
Aluminium    Hydrochloric         Aluminium        Hydrogen 

Add  Chloride 

nder  ordinary  conditions  nitric  and  sulphuric  acids  do 
^t  affect  it.  Sodium  and  potassium  hydroxides  change  it 
to  aluminates,  thus  — 

6NaOH     +     2AI     =     2Na8A108     +     3  Hg 

Sodium  Hydroxide    Aluminium     Sodium  Aluminate       Hydrogen 

The  properties  of  aluminium  are  modified  by  the  presence  of  impuri- 
s.    The  usual  impurities  are  iron,  other  metals,  and  silicon.     Some 

these,  especially  the  iron  and  silicon,  come  from  the  raw  products 
ed  in  its  manufacture.  They  tend  to  make  the  metal  harder  and  more 
tive  chemically,  but  less  malleable,  ductile,  and  tenacious.  If  it  were 
>t  for  the  presence  of  these  impurities  in  clay,  this  substance  would  be 
^eap  and  inexhaustible  source  of  aluminium. 
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Uses.  —  The  varied  properties  of  aUiminimn  adapt  Kw 
numerous  uses.  It  is  made  into  the  metallic  parts  of  mili- 
tary outfits,  caps  for  fruit  jars,  surgical  instruments,  cook- 
ing utensils,  tubes,  the  framework  and  fittings  of  boats  anil 
air  ships,  telephone  receivers,  scientific  apparatus,  parts  of 
opera  glasses  and  telescopes,  the  framework  of  cameras, 
stock  patterns  for  foundry  work,  and  hardware  samples. 
Its  attractive  appearance  has  led  to  its  extensive  use  as  an 
ornamental  metal,  both  in  interior  decorative  work  and  in 
numerous  small  objects,  such  as  trays,  picture  frames, 
hairpins,  and  combs.  Aluminium  leaf  is  used  for  decorat- 
ing book  covers  and  signs ;  the  powder  is  likewise  used  as 
a  protective  and  attractive  coating  for  letter  boxes,  steam 
pipes,  lamp-posts,  radiators,  smokestacks,  and  other  metal 
objects  exposed  to  heat  or  the  weather.  Aluminium  wire  has 
come  into  quite  general  use  as  a  conductor  of  electricity- 
Thermit  is  a  mbtture  of  powdered  aluminium  aod  a  metallic  oxide- 
If  thermit  is  ignited,  the  aluminium  reduces  the  oxide  to  a  metal,  wbicf" 
is  melted  by  the  intense  heat  of  the  reaction.  Iron  thermit  (/.<-  ferric 
ojdde  (Fe^Oa)  and  aluminium)  produces  molten  steel  at  a  lemperature 
of  3000°  C. ;  by  conducting  the  steel  from  the  crucible  into  a  mold  «"" 
structed  around  a  fracture  or  joint,  heavy  iron  or  steel  objects  an  I* 
conveniently  repaired  and  ateel  rails  quickly  welded. 

Alloys-  — The  nlloy  of  aluminium  and  copper — aluminium  bronw 
has  been  described  (see  Alloys  of  Copper) .  Magnaltuin  contains  IW 
75  to  90  per  cent  of  aluminium,  the  rest  being  magnesium. 

Aluminium  Oxide,  Al^Og,  is  the  only  oxide  o£  alumin- 
ium. It  is  often  called  alumina,  as  silicon  dioxide  iscall^^ 
silica.  Its  native  forms,  corundum  and  emery,  are  found 
in  Massachusetts,  New  Jersey,  Georgia,  Pennsylvania, 
North  Carolina,  and  Canada;  large  quantities  come  from 
Asia  Minor  and  the  islands  near  Greece.  Emery  is  w- 
tremely  hard,  and  is  used  in  various  forms^powder,  clow 
paper,  and  wheels  —  to  grind  and  polish  hard  metals,  plaW 
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;,  etc  The  crystallized  varieties  of  aluminium  oxide 
;  usually  known  as  corundum,  and  the  transparent, 
bred  kinds  have  long  been  prized  as  gems  (see  below). 

Alumina  may  be  prepared  by  burning  the  metal  or  by  heating  its 
iroxide.  Thus  prepared,  it  is  a  white  powder,  insoluble  in  water, 
soluble  in  acids  and  in  the  caustic  alkalies.  It  melts  in  the  oxyhy- 
igen  flame,  and  in  the  electric  furnace.  Healing  lessens  its  chemical 
ivity.  When  alumina  or  any  otiier  compound  of  aluminium  is  heated, 
n  cooled  and  moistened  with  cobaltous  nitrate  solution  and  healed 
lin,  (he  mass  turns  a  beautiful  blue  color.    This  Is  a  test  for  alu- 

Ariilicial  alumina  is  manufactured  in  the  electric  F.'rnace.  It  is  used 
^Q  abrasive  and  is  called  alundum. 

Gems  CDntaining  Alumiiuuin.  —  Corundum  (Alfi^)  has  long  been 
lad  as  crystals  in  Ceylon,  Siam,  Burma,  and  other  places  in  the 
ieni.  The  color  is  due  to  traces  of  impurities,  usually  oxides  of 
lals.  The  sapphbe  is  blue,  and  the  ruby  is  red.  The  Oriental 
az  is  yellow,  the  Oriental  amethyst  is  purple,  and  the  Oriental 
irald  is  green.  Montana  furnishes  many  sapphires,  the  annua!  out- 
being  valued  at  $90,000.  These  gems  may  be  artilidally  produced 
^ssolving  alumina  in  a  fijsed  substance,  adding  an  oxide  to  secure 
desired  color,  and  then  allowing  the  alumina  to  crystallize.  Spinels 
Complex  compounds  of  aluminium.  The  typical  or  ruby  spinel  la 
ruesium  aluminate  (MgAI^Oj).  It  resembles  the  true  ruby.  Other 
'eis  differ  from  the  ruby  spinel  both  in  color  and  in  composition. 
'quoise  is  a  complex  aluminium  phosphate  containing  traces  of  cop- 
It  hai  a  beautiful  robin's-egg-blue  color,  is  compact,  and  may  be 
Iced  luto  ■.ii'ous  shapes.  Formerly  turquoise  came  almost  exdu- 
-ly  from  Persia,  but  now  New  Mexico  meets  all  demands.  Nearly 
0,000  worth  of  turquoise  are  mined  annually  in  that  state.  Topaz 
'  complex  aluminium  silicate  containing  fluorine.  It  is  usually  pale 
low,  and  is  found  in  many  localides.  Emerald  is,  next  to  diamond 
i  ruby,  the  most  precious  gem.  It  is  an  aluminium  silicate  con- 
ning the  rare  element  beryllium.  The  finest  specimens  have  a  deep 
lerald-green  color  and  come  from  Colombia.  South  America.  Garnet 
a  complex  siiicate  of  aluminium  and  another  metal,  especially  cai- 
rn, magnesium,  iron,  or  manganese.  The  iiind  used  as  a  gera  has  a 
:p  red  color  and  is  rather  abundant. 
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Aluminium  Hydroxide,  Al(OH)a,  is  a  white,  jellyfll 
solid  formed  by  adding  an  hydroxide  to  the  solution  of  an 
aluminium  salt,  thus  — 

AlClfl     +  3  NH^H  =    A1(0H)b  +  3  NH^a 

Aluminium  Ammonium  Aluminium         Ammoiuum 

Chloride  Hydtoxide  Hydroxide  Chloride 

It  is  insoluble  in  water.  It  interacts  with  strong  acids 
and  with  alkalies  (except  ammonium  hydroxide),  forming 
respectively  aluminium  salts  and  aluminates.     Thus  — 

Al(OH)a+  3HCI  =  AlClg  +3HjO 
Aluminium  Hydrochloric  Aluminium  Water 
Hydroxide  Add  Chloride 


Al(0H)8  +   3  NaOH   ■■ 

Sodium 
Hydroxide 


NagAlOa  +   3  H,0 

Sodium 
Alumina  te 


Aluminium  hydroxide  is  also  formed  by  the  intcraciion  of  sodium 
carbonate  or  ammonium  sulphide  and  an  aJuminium  salt  solution,  be- 
cause aluminium  hydroxide  is  such  a.  feeble  base  that  it  cannot  form 
salts  with  weak  acids  like  carbonic  and  hydrosulphuric  (H3S).  B«wdf 
is  native  aluminium  hydroxide  which  contains  ferric  oxide  and  silio 

Aluminium  Sulphate,   Alj(S0j)3  ■  18  HjO,  is  a  white, 
crystalline  solid.     The  commercial  salt  has  a  variable  com- 
position; and, -if  pure,  it  dissolves  readily  and  completely     1 
ill  water.      It   is  extensively  used  in  dyeing  and  paper     1 
making,  and  in  preparing  other  aluminium  compounds. 

Aluminium  sniphate  is  prepared  Ironi  pure  clay,  bauxite,  or  ciyt^-* 
If  clay  or  bauxite  is  heated  with  suljihuric  acid  and  then  allowed  tc 
cool,  the  product  is  impure  aluminium  sulphate,  known  as  "alum  cal* 
or,  if  much  iron  is  present,  as  "alumino  ferric  cake."  It  is  used  ^ 
purify  sewage  and  for  other  purposes  where  iron  and  the  other  imfflui' 
ties  do  no  harm.     Purer  aluminium  sulphate  is  prepared  by  heatinif 
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uxite  with  soda  ash,  extracting  the  sodium  aluminate  formed  with 
iter,  and  precipitating  the  aluminium  as  the  hydroxide  with  carbon 
3xide  gas.  The  relatively  pure  hydroxide  is  then  changed  into  sul- 
ate  by  treatment  with  sulphuric  acid. 

A  solution  of  aluminium  sulphate  has  an  acid  reaction  on  account  of 
drolysis ;  the  equation  for  the  hydrolysis  is  — 

AlaCSOOs  +  6  H2O  =  2  Al(OH)3+3  H2SO4, 

»  add  reaction  being  due  to  the  hydrogen  ions  liberated  by  the  ion- 
tion  of  the  sulphuric  acid. 

Alum. — When  solutions  of  aluminium  sulphate  and  potas- 
im  sulphate  are  mixed  and  concentrated  by  evaporation, 
insparent,  colorless,  glassy  crystals  are  deposited.  This 
lid  is  potassium  alum,  or  simply  alum.  It  has  the  com- 
►sition  represented  by  the  formula,  K2Al2(S04)4.  24  H2O, 
K2SO4,  Al2(S04)3 .  24  HgO,  and  is  sometimes  called  a 
►uble  salt.  It  is  the  type  of  a  class  of  similar  salts  called 
ums,  which  can  be  formed  by  crystallization  from  a 
ixture  of  aluminium  sulphate  and  an  alkaline  sulphate, 
lums  are  very  soluble  in  water,  and  their  solutions  have 

I  acid  reaction  and  a  sweetish,  puckery  taste.  They 
7stallize  alike,  and  contain  twenty-four  molecules  of 
ater  of  crystallization.  When  heated,  alums  lose  their 
ater  of  crystallization  and  some  sulphuric  acid,  and  fall 
'  a  white  powder  or  porous  mass  known  as  burnt  alum. 
>tassium  alum  is  the  most  common,  but  ammonium  and 
dium  alums  are  manufactured  and  used.     Sodium  alum 

an  ingredient  of  some  baking  powders.  Burnt  alum 
^s  application  as  a  medicine.  Alum  has  been  largely 
i placed  by  "concentrated  alum,"  but  the  real  alum  is 

II  used  in  dyeing  and  printing  cloth,  in  tanning  and 
per  making,  in  purifying  water  and  sewage,  as  a  medi- 
ae, for  hardening  plaster,  in  making  wood  and  cloth  fire- 
'oof,  and  in  preparing  other  aluminium  compounds. 
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Alum  was  known  to  the  ancients,  who  used  it  in  dyeing  and  taaniag, 
and  as  a  medicine.  It  was  first  manufactured  in  Kurope,  about  the  i 
thirteenth  century,  from  native  alunite,  which  is  an  impure  sulphate  of 
aluminium,  potassium,  and  iron.  Alunite  and  alum  states  or  shales  aiE 
now  used  to  some  extent,  but  most  of  the  alum  is  made  from  bauxite. 
Not  all  alums  contain  alumiuium.  This  metal  may  be  replaced  by  iron, 
chromium,  manganese,  or  similar  metals,  producing  salts  which  havt 
the  same  general  properties  as  ordinary  alum.  Hence  the  geoetal 
formula  of  alums  is  Ma(SOj3.X,SO,.24HjO,  is  which  M  maybe 
aluminium,  iron,  chromium,  etc.,  and  X  a  metal  (or  group)  like  potas- 
sium, sodium,  ammonium.  Chrome  alum  (K,Cr/SOj)4.34H/l) 
belongs  to  this  class.  It  is  a  purple,  crystallized  solid.  The  other  alutna 
have  a  limited,  industrial  application. 

Alums  and  other  aluminium  salts  are  used  as  mordants 
in  dyeing  and  calico  printing.  Some  dyes  must  be  fixed 
in  the  fabric  by  a  metallic  substance,  otherwise  the  color 
would  be  easily  removed.  The  cloth  to  be  dyed  or  prittted 
is  impregnated  or  printed  with  the  mordant,  and  then 
heated  or  treated  with  some  substance  to  change  the  mor- 
dant into  an  insoluble  compound.  The  mordanted  cloth  is 
next  passed  through  a  vat  containing  the  solution  of  the 
dye,  which  unites  chemically  or  mechanically  (perhaps 
both)  with  the  metallic  compound,  forming  a  colored  con)- 
pound.  The  latter  is  called  a  "lake";  it  is  relativdyin- 
soluble,  and  cannot  be  easily  washed  from  the  cloth,  i.f. 
it  is  a  fast  color.  Aluminium  acetate  or  "red  liquor"  and 
aluminium  sulphate,  besides  alum,  are  used  as  mordants 
for  cotton,  linen,  and  wooL 

Cryolite  is  a  white,  glassy,  crystaHized  solid.  It  often 
resembles  clouded  ice,  and  its  name  means  "ice  stone. 
Its  composition  corresponds  to  the  formula  NagAlFg  (or 
AlFg.3NaF).  Small  fragments  melt  easily,  even  in  8 
candle  flame,  and  color  the  Bunsen  flame  yellow.  The 
only  locality  where  it  is  found  in  commercial  quantities  is 
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southern  Greenland,  which  yields  annually  about  10,000 
tons.  It  is  used  not  only  in  manufacturing  aluminium, 
but  as  a  source  of  alum  and  aluminium  hydroxide,  pure 
sodium  carbonate  and  hydroxide,  hydrofluoric  acid,  fluor- 
ides, and  one  kind  of  glass. 

Almniniuia  Chloride  when  pure  fa  a  white  powder,  but  it  is  often  a 
yellovdsh,  crystalline  mass  (AlClg.6HjO).  It  is  prepared  by  heating 
powdered  aluminium  in  chlorine,  or  by  passing  chlorine  over  a  heated 
mixture  of  aluminium  oxide  and  carbon.  Exposed  to  the  air,  it  absorbs 
moisture  and  gives  off  fiimes  of  hydrochloric  acid.  It  dissolves  ia 
water  with  evolution  of  heat,  and  if  the  solution  is  heated,  hydrochloric 
acid  is  expelled,  owing  to  the  transformation  of  the  chloride  into  the 
hydroxide,  thus — 


AlCig      +  3  HjO  =        3  HCI       +       AI(OH), 
Aluminium      Water      Hydrochloric     Aluminium  Hy« 
Chloride  Acid  droxide 


Thb  salt  is  used  in  organic  chemistry. 

Clay  is  a  more  or  less  impure  aluminium  silicate,  formed 
by  the  slow  decomposition  of  rocks  containing  aluminium, 
especially  feldspar.  Pure  feldspar  is  a  silicate  of  alumin- 
ium and  sodium  or  potassium.  The  products  of  its  decom- 
position are  chiefly  an  insoluble  aluminium  silicate  and  a 
soluble  alkaline  silicate.  The  latter  is  washed  away.  The 
aluminium  silicate  which  remains  is  pure  clay  or  kaolin. 
The  latter  is  really  a  hydrous  silicate,  having  the  composi- 
tion corresponding  to  the  formula  Al^SiaOj,  2  H^O.  The 
composition  of  clay  varies,  because  it  is  seldom  formed 
from  pure  feldspar.  Most  kaolin  contains  particles  of  mica 
and  quartz.  Ordinary  clay  contains  many  impurities,  e.^. 
carbonates  of  calcium  and  magnesium,  quartz,  and  iron 
compounds.  Kaolin  is  a  white,  powdery  mass.  It  becomes 
slightly  plastic  when  wet,  and  can  therefore  be  molded 
into  various  shapes.     Ordinary  clay  is  very  plastic  when 
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wet,  more  easily  fused  than  kaolin,  but  shrinks  con^lSIP 
ably  when  dried  and  burned ;  it  also  contains  iron  com' 
pounds,  which  color  it  gray,  blue,  yellow,  brown,  and  red 
All  clays  have  a  pecuHar  clayey  odor  when  moist. 

Clay  is  the  basis  of  pottery,  of  which  there  are  three 
general  kinds  :  porcelain  or  china,  stoneware,  and  earthen- 
ware. 

Parceloin  is  the  finest  kind.  It  is  made  by  heating  to  a  high  trai- 
perature  a  mixture  of  kaolin,  fine  sand,  and  some  fbsibte  substance,  sucli 
as  feldspar,  chalk,  or  gypsum.  The  mass  when  cool  is  hard,  dense,  wtiile, 
and  translucent  (if  thin) ;  it  is  not  easily  corroded  by  chemicals  («- 
cept  fused  alkalies).  Although  it  is  not  very  porous,  its  surface  is 
glazed,  partly  for  protection,  partly  for  ornament.  This  is  done  by 
coating  it  with  a  mixture  similar  to  that  used  for  making  the  porcehin 
but  more  easily  fused,  and  then  heating  again  so  that  the  gtaze  wi 
penetrate  the  surface.  Stoneware  is  similar  to  porcelain,  but  coarser, 
because  the  materials  are  iess  carefully  selected  and  prepared,  and  at 
not  heated  to  such  a  high  temperature.  The  best  grades  can  hardlybe 
distinguished  from  porcelain,  but  usually  stoneware  is  much  heafiet 
and  thicker.  The  cheaper  kinds  are  made  into  jars.  Jugs,  and  bottles, 
especially  large  ones  used  in  add  manufactories.  Crockery  is  a  fine 
grade  of  stoneware,  though  the  best  crockery  is  much  like  poreelaii> 
If  less  pure,  plastic  clay  is  used  and  heated  to  a  moderate  temperaturti 
the  product  is  known  as  earthenware.  This  is  a  large  class  and  in- 
cludes majolic;i,  tiles,  terra  cotta,  jugs,  flowerpots,  clay  tobacco  pip» 
drain  pipe,  and  bricks.  This  ware  is  porous  and  is  usually  glaied  lij 
throwing  salt  into  the  baking  oven  just  before  the  operation  is  Otef. 
The  salt  volatilizes  and  forms  a  fusible  sodium  aluminium  silicate  upon 
the  surface.  Cheap  bricks  are  made  from  very  impure  day,  and  thdr 
red  color  is  due  to  iron  oxides  formed  from,  the  iron  compounds  io  Ib* 
unbumed  day.  Buff  bricks  are  made  from  cjay  containing  lilde  or  M 
iron,  and  day  containing  silica  yields  fire-day  bricks,  stove  linii'!?' 
retorts,  and  crucibles. 

EXERCISES. 

1.  What  is  the  symbol  and  atomic  weight  of  aluminium  ? 

2.  Name  several  compounds  of  aluminium  and  discuss  theirw 
rence.     What  proportion  of  the  earth's  crust  is  alumini 
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3.  State  briefly  the  history  of  aluminium. 

4.  Describe  the  metallurgy  of  aluminium  by  (a)  the  Hall  process, 
)  the  Heroult  process,  (c)  the  older  chemical  method. 

5.  Discuss  the  production  and  cost  of  aluminium. 

6.  (a)  Summarize  the  properties  of  aluminium,    (d)  State  its  uses. 
I  Describe  its  alloys. 

7.  What  is  the  formula  and  chemical  name  of  alumina  ?    Describe 
preparation.     State  its  properties  and  uses. 

8.  State  the  properties  and  uses  of  corundum  and  emery.    Review 
bonmdum  (see  Chapter  X). 

9.  Name  seven  gems  containing  aluminium.    Describe  them. 

10.  Describe  aluminium  hydroxide.  How  does  it  interact  with 
ds  and  with  alkalies  ? 

1 1 .  What  is  bauxite  ?    For  what  is  it  used  ? 

12.  Describe  aluminium  sulphate.  State  its  properties  and  uses. 
»w  is  it  prepared  ?  What  is  '*  alum  cake  "  ?  "  Alumino  ferric  cake  "  ? 
ite  their  uses. 

13.  What  is  ordinary  alum  ?  How  is  it  manufectured  ?  State  the 
aeral  properties  and  uses  of  alums.  What  is  (a)  "concentrated 
im,"  and  (d)  burnt  alum  ? 

14.  Define  a  mordant.  Describe  its  use.  Name  several  mordants, 
hat  is  (a)  a  "  lake,"  (d)  red  liquor  ? 

15.  What  is  the  general  formula  of  an  alum  ?  What  is  chrome 
im  ? 

16.  Where  is  cryolite  found  ?  State  its  properties  and  uses.  What 
its  formula  ? 

17.  Describe  the  preparation  and  state  the  properties  of  aluminium 
loride. 

18.  What  is  clay  ?  How  is  it  formed  ?  What  is  kaolin  ?  Describe 
)  ordinary  clay,  and  (d)  kaolin. 

19.  Describe  the  manufacture  of  (a)  porcelain,  (d)  stoneware,  and 
I  earthenware.  Give  an  example  of  each.  What  is  meant  by 
Lzing  ? 

PROBLEMS. 

What    is   the  per  cent  of  aluminium   in  (a)   cryolite    (AlNagFg), 
turquoise  (AI2P2O8 .  H,.A1.,0(; .  2  HgO),  (c)  corundum  (AlgOg),  (d) 
minium  hydroxide  (Al(OH)3)  ? 


CHAPTER   XXVI. 

TIH  AHD  LEAD. 

Tin  and  lead  are  familiar  metals.  They  have  similar 
and  useful  properties,  which  give  these  metals  and  their 
compounds  numerous  applications. 


Occurrence  of  Tin.  -~  Metallic  tin  is  rarely  if  ever 
found.  Tin  dioxide  (cassiterite,  tin  stone,  SnO^)  is  the 
only  available  ore.  It  is  not  widely  distributed,  but  large 
deposits  are  found  in  England  (at  Cornwall),  Germany  (in 
Bohemia  and  Saxony),  Australia,  Tasmania,  and  the  East 
Indian  Islands,  especially  Banca  and  BilJiton.  A  small 
quantity  is  found,  but  not  mined,   in  the  United  States. 

Tin  is  one  of  the  oldest  known  metals.  It  is  mentioned  in  the  Pen- 
tateuch, and  was  obtained  long  before  the  Christian  era  by  the  Phocni' 
cians  from  the  British  Isles,  which  were  called  Cassilerides  (from  iht 
Greek  word  kassiteroi,  meaning  tin).  Many  ancient  bronzes  concun 
tm.  The  alchemists  called  it  Jupiter,  and  used  the  metal  and  its  coin- 
pounds. 

The  Latin  word  stannum  gives  us  the  symbol  Sn  and  the  twn* 
staimous  and  slannie. 

Metallurgy  of  Tin-— If  the  tin  ore  conlainssulphur  or  arsenic,  the* 
impurities  must  be  removEd  by  roasting.  The  tin  oxide  is  then  reductC 
by  heating  it  with  coal  in  a  reverberatory  furnace ;  the  simplest  equatiM 
for  this  change  b  — 

SnOj        -t-        C         =       Sn      +  CO, 

Tin  Dioxide         Carbon  Tin  Carbon  Dioxide 
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Bioltea  tin  which  collects  at  the  bottom  of  the  furnace  is  drawn  ofl 
1  cast  into  bars  or  masses,  which  are  often  called  block  tin.  Usually 
>  purified  by  melting  it  slowly  on  a  hearth,  inclined  ao  that  the  more 
ily  melted  tin  will  flow  down  the  hearth  and  leave  the  metallic  impuri- 
I  behind.  This  (in  may  be  further  purified  by  stirring  the  molten 
tal  with  a  wooden  pole,  or  by  holding  billets  of  wood  beneath  its  aur- 
e.  The  impurities  which  are  oxidized  by  the  escaping  gases  collect 
3  scum  on  the  surface  and  are  removed. 

Properties  of  Tin. — Tin  is  a  white,  lustrous  metal, 
lich  does  not  tarnish  easily  in  the  air.  It  is  soft  and 
illeable,  and  can  be  readily  cut  and  hammered.  It  is 
[ter  than  zinc,  but  harder  than  lead.  Its  specific  gravity 
7.3.  Tin  may  be  obtained  in  the  crystalline  form,  and 
len  a  piece  of  such  tin  is  bent  it  makes  a  crackling 
und,  which  is  caused  by  the  friction  of  these  crystals 
on  one  another.  It  melts  at  about  233°  C,  and  when 
ated  to  a  higher  temperature  it  burns,  forming  white  tin 
ide  (SnOj).  The  physical  properties  of  tin,  like  those 
zinc,  vary  with  the  temperature.  Concentrated  hydro- 
loric  acid  changes  it  into  stannous  chloride  (SnCLj); 
:ated  with  hot  concentrated  sulphuric  acid,  it  forms 
Lnnous  sulphate  (SnSO^)  and  sulphur  dioxide ;  and  coni- 
:rcial  nitric  acid  oxidizes  it,  the  white,  solid  product 
ing  known  as  metastannic  acid.  Zinc  precipitates  tin 
im  its  solutions  as  a  grayish  black,  spongy  mass,  which 
sometimes  filled  with  bright  scales. 

0ses  of  Tin.  —  Tin  is  so  permanent  in  air,  weak  acids 
te  vinegar  and  fruit  acids),  and  alkalies  that  it  is  exten- 
ely  tised  as  a  protective  coating  for  metals.  Ordinary 
iware  is  sheet  iron  coated  with  tin.  The  tin  plate 
leet  tin,  or  simply  "tin")  is  made  by  dipping  very  clean 
set  iron  into  molten  tin.  Tacks,  nails,  and  many  small 
^^bjects  are  similarly  tinned.     Copper  coated  with  tin 
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is  made  into  vessels  for  cooking,  and  brass  coated  viSi 
tin  is  made  into  pins.  Large  quantities  of  tin  plate  are 
used  to  cover  roofs.  Tinned  iron  does  not  rust  until  the 
tin  is  worn  off  and  the  iron  exposed,  and  then  the  rusting 
proceeds  rapidly.  Tin  is  also  hammered  into  thin  sheets 
called  tin  foil,  though  much  of  the  tin  foil  now  used  con- 
tains lead.  Many  useful  alloys  contain  tin  as  an  essentiaf 
ingredient.  During  the  last  few  years  the  annual  eon- 
sumption  of  tin  has  been  about  100,000  tons. 

Alloys  of  tin  are  described  under  copper.  Those 
containing  a  minor  percentage  of  tin  are  bronze,  gun 
metal,  bell  metal,  speculum  metal,  type  metal,  anti-frictioQ 
metals,  and  fusible  alloys.  Britannia  metal  contain) 
about  90  per  cent  tin,  8  per  cent  antimony,  and  the  resl 
mainly  copper.  It  is  a  white  metal,  and  was  fonnerlj 
made  into  tableware,  White  metal  contains  less  tinanJ 
more  antimony  than  Britannia,  though  the  coraposiliM 
varies.  It  resembles  Britannia.  The  harder  varieties  of 
white  metal  are  used  as  parts  of  machinery,  and  the  softer 
kinds  are  made  into  ornaments  and  cheap  jewelry.  Pe* 
ter  and  solder  contain  varying  proportions  of  tin  and  leai 
Plumbers'  solder,  or  soft  solder,  is  about  one  third  tin  aaJ 
two  thirds  lead.  It  is  harder  than  either  constituent,  buH' 
melts  at  a  lower  temperature.  Tin  amalgam  is  sometifflfl 
used  to  coat  mirrors. 

Compoundaof  Tin.  — Tin  forms  two  series  of  compounds,  the  spi- 
nous and  the  stannic.  Stannic  oxide  (SnO^)  has  already  been  mca- 
tioced  as  the  chief  ore  of  tin,  and  as  the  product  formed  when  tin  » 
burned.  The  artificial  oiide  is  feint  yellow  when  hot  and  white  w^U 
cold.  The  native  oxide  is  a  brown  or  black,  lustrous,  and  often  ajV^ 
lized  solid.  Irregular  pebbles  called  stream  tin  occur  in  some  )ocalili» 
near  livers,  StannouB  chloride  (SnCL)  is  formed  by  the  interactiK 
of  hydrochloric  acid  and  tin.  From  the  concentrated  solution 
iah  salt  crystallires  (SnCl,  .  a  ii.p),  known  as  tin  crystals 
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tannom  chloride  passes  readily  into  stannic  chloride  (SnCI^)  when 
ided  to  mercuric  chloride  solution.  The  simplest  equation  for  this 
hange  IS  — 

Snd,        +       aHga,        a        Sna^        +        HgaCI, 

Stannous  Mercuric  Stannic  Mercurous 

Chloride  Chloride  Chloride  Chloride 

By  an  extension  of  the  simplest  idea  of  oxidation  and  reduction,  the 
stannous  chloride  in  the  change  is  said  to  be  oxidized  to  stannic  chlo- 
■ide,  but  it  reduced  the  mercuric  chloride  to  mercurous  chloride.  Stan- 
nous chloride  is  often  used  as  a  reducing  agent  and  as  a  mordant  in 
dyeing  and  calico  printing.  Crystallized  stannic  chloride  (SnCl^ .  5  HgO), 
blown  commercially  as  oxymuriate  of  tin,  is  also  used  as  a  mordant.  Tin 
iH>rdants  produce  brilliant  colors.  Sodium  stannate  (NagSnOg .  3  HgO) 
>  extensively  used  to  prepare  cotton  cloth  for  printing. 

LEAD. 

Occurrence  of  Lead.  —  Metallic  lead  is  occasionally 
ound  in  small  quantities.  The  most  abundant  ore  is  lead 
•ulphide  (galena,  PbS).  Other  native  compounds,  formed 
>y  the  alteration  of  galena,  are  the  carbonate  (cerussite, 
?bCOg),  the  sulphate  (anglesite,  PbSO^),  and  the  phos- 
phate (pyromorphite,  Pb5Cl(P04)8).  Lead  compounds  are 
^dely  distributed,  but  the  source  of  commercial  lead  is 
he  sulphide. 

Lead  has  been  used  by  civilized  people  since  the  dawn  of  history. 
^he  Chinese  have  used  it  for  ages  to  line  chests  in  which  tea  is  stored 
Hd  transported.  The  Romans,  who  obtained  it  from  Spain,  called  it 
Plumbum  nigruniy  ue,  black  lead.  The  symbol  Pb  comes  from  plumbum, 
^he  ancients  also  used  lead  compounds  (especially  the  carbonate  and 
ed  oxide)  as  paints  and  cosmetics. 

The  annual  production  of  lead  has  increased  rapidly  during  the  last 
ew  years,  and  it  is  now  about  1,000,000  tons.  This  vast  amount  comes 
:hiefly  from  the  United  States,  Spain,  Germany,  Mexico,  New  South 
iVales,  and  England.  The  United  States  annually  produces  about 
150,000  tons  of  lead  from  ores  found  mainly  in  the  Middle  West 
Illinois,  Iowa,  Wisconsin,  and  Missouri),  Colorado,  Idaho,  and  Utah. 
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Metallurgy  of  Lead.  —  Lead  is  readily  obtained  from  galena,  (i)  In 
tlie  reduction  process  the  ore  is  roasted  in  a  reverberatory  furnace  unlil 
a  part  of  the  sulphide  is  changed  into  lead  oxide  and  lead  sulphate. 
The  equations  for  these  cfianges  are  — 

2  PbS       +       3  O3      =2  PbO        +  2  SOg 

Lead  Sulphide        Oxygea        Lead  Oxide        Sulphur  Dioxide 

PbS  +        aO,        =:  PbSO( 

Lead  Sulpliide  Oxygen  Lead  Sulphate 

The  air  is  then  shut  off  and  the  mixture  of  the  three  lead  compoundi  if 
heated  to  a  higher  temperature.  By  this  operation  the  lead  sulphi^ 
interacts  with  the  other  lead  compounds,  forming  lead  and  sulphur  diiu- 
ide,  thus  — 

3  PbS        +      PbSO^       +     2  PbO     =  jPb  +        3  SO, 
Lead  Sulphide     Lead  Sulphate     Lead  Oxide     Lead      Sulphur  Dioside 

(a)  Ores  poor  in  lead  are  somedmes  reduced  by  roasting  with  1K4 
which  combinea  with  the  sulphur,  leaving  the  lead  free,  thus — 

PbS  +       Fe      =     Pb        +  FeS 

Lead  Sulphide  Iron  Lead  Iron  Sulphide 

(3)  In  some  refineries  lead  is  obtained  from  galena  by  electrolysil 
Crushed  galena  is  made  the  cathode,  dilute  sulphuric  acid  is  the  electro- 
lyte, and  the  bottom  of  the  reduction  pan  is  the  anode.  The  sulphur 
is  changed  into  hydrogen  sulphide,  which  escapes  into  a  combustion 
chamber  where  its  sulphur  is  recovered  or  converted  into  sulphuric  acid. 
The  lead  remains  in  the  pan  as  a  spongy  mass.  The  silver,  whidi 
remains  in  the  lead  obtained  by  reduction,  is  extracted  by  the  Pai** 
process  (see  Silver). 

Properties  of  Lead.  —  Lead  is  a  bluish  metal.  When 
scraped  or  cut,  it  has  a  brilliant  luster,  which  soon  disap- 
pears, owing  to  the  formation  of  a  film  of  oxide.  This 
coating  protects  the  lead  from  further  change.  It  is  a  soft 
metal,  and  may  be  scratched  with  the  finger  nail.  It  dis- 
colors the  hands,  and  when  drawn  across  a  rough  surface 
it  leaves  a  black  mark.     For  this  reason  it  is  sometimes 
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ISnCd  black  lead  (see  Graphite).  Lead  is  not  tough 
:nough  to  be  readily  hammered  into  foil  or  drawn  into  fine 
wire,  but  it  can  be  rolled  into  sheets.  It  is  a  heavy  metal, 
its  specific  gravity  being  11.35;  with  the  exception  of 
mercury,  it  is  the  heaviest  of  the  familiar  metals.  It  melts 
at  326°  C,  or  about  100"  higher  than  tin  and  100°  lower 
than  zinc.  Lead,  when  heated  strongly  in  air,  changes 
into  an  oxide  (mainly  the  monoxide,  PbO).  Hydrochloric 
and  sulphuric  acids  have  little  eilect  upon  compact  lead. 
Nitric  acid  changes  it  into  lead  nitrate(Pb(N08)2).  Acetic 
acid  (or  vinegar)  and  acids  from  fruits  and  vegetables 
change  it  into  soluble,  poisonous  compounds;  hence  cheap 
tin-plated  vessels,  which  sometimes  contain  lead,  should 
never  be  used  in  cooking.  Zinc  and  iron  precipitate  lead 
from  its  solutions  as  a  grayish  mass,  which  often  has  a 
beautiful  treelike  appearance. 

Lead  in  Drinking  Water.  —  Lead  is  slowly  changed  into 
Soluble  compounds  by  water  containing  carbon  dioxide, 
itnmonia,  nitrates,  or  chlorides.  But  water  containing  sul- 
phates or  carbonates  forms  an  insoluble  coating  on  the 
lead,  thus  protecting  it  from  further  action.  All  lead  salts 
ire  poisonous,  and  if  taken  into  the  system  they  will  slowly 
Accumulate  and  ultimately  cause  serious  and  dangerous 
Uness.  Water  suspected  of  attacking  lead  should  never 
ie  drunk  after  it  has  been  standing  very  long  in  lead  pipes, 
>ut  should  be  allowed  to  flow  until  the  pipe  has  been  filled 
vith  fresh  water.  Sometimes  the  water  cannot  be  drunk 
tt  all.  The  city  of  Lowell,  Massachusetts,  recently  aban- 
loned  one  source  of  its  water  supply  because  of  the  rapid 
■olvent  action  of  the  water  upon  lead  pipes. 

Uses  of  Lead.  —  Lead  is  extensively  used  as  pipe,  be- 
:ause  it  can  be  made  into  indefinitely  long  pieces,  which 
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pipe. 
-iOemollEalead 
in  Ihelongcylin' 
der,  CC,  iaforeed 
by  (he  rising  pU- 
lon,  B,  Ihrougli 


can  be  easily  bent,  cut,  and  united  (by  solder),     The  pipe  is 
made  by  forcing  softened  lead  through  a  hole 
in  a  steel  plate  or  by  the  apparatus  shown 
in   Figure  69.     Lead  pipe  is  not  only  used 
to  convey  water  to  and  from  parts  of  build- 
ings, but  as  a  sheath  for  copper  wires,  both 
overhead  and  underground.     As  sheet  lead 
it  is  used  to  cover  roofs  and  to  line  sinks, 
cisterns,  and   the  cells   employed   in   many 
electroljtic   processes.     The  lead  chambers 
^    and  evaporating  pans  used  in  manufacturing 
FiG.6g.— Ap-    sulphuric  acid  are  made  of  sheet  lead.     Shot 
para      orma  -    ^^^  bullets  are   lead  (alloyed  with   a  little 
arsenic).     Spongy  lead  is  used  in  preparing 
the  plates  of  storage  batteries. 

The  Alloys  of  Lead  are  important.     Type 
metal  contains  70  to  80  per  cent  lead ;  the 
other  constituents  are  tin  and  antimony.    The 
latter  metal  expands  when  it  solidifies  and 
makes  the  face  of  the  type  sharp  and  clear. 
Solder,  pewter,  and  fusible  alloys  contain  lead  as  an  r 
essential  constituent  (see  Alloys  of  Tin),     Small  quantttiti  J 
are  found  in  brass  and  bronze.  I 

Lead  Oxides.  —  There  are  three  important  oxides,    lead  j 
monoxide  ( FbO)  is  a  yellowish  powder  known  as  massicot  I 
or  a   buff-colored  crystalline  mass  called  litharge.     It 
formed  by  heating  lead  above  its  melting  point  in  a  cur- 
rent of  air.     It  is  made  this  way,  though  considerable  is 
obtained  as   a  by-product  in  separating  silver  from 
(see  Cupellation).     Large  quantities  are  used  in  preparing 
some  oils  and  varnishes,  flint  glass,  other  lead  compounds, 
and  as  a  glaze.      Lead   tetroside   (red    lead,   rainiiun. 
PbjO,)  is  a  red  powder,  varying  somewhat  in  color  nA 
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composition.  It  is  prepared  by  heating  lead  (or  lead,  mo- 
noxide) to  about  350°  C.  It  is  used  in  making  flint  glass 
Pure  grades  are  made  into  artists'  paint,  but  the  cheap 
variety  is  used  to  paint  structural  iron  work  (bridges, 
gasometers,  etc.),  hulls  of  vessels,  and  agricultural  imple- 
ments. It  is  used  in  plumbing  and  gas  fitting  to  make 
joints  tight.  Orange  mineral  has  the  same  composition 
as  red  lead,  and  although  its  color  is  lighter,  its  uses  are  the 
same.  Lead  dioxide  (lead  peroxide,  PbO^),  is  a  brown 
powder  formed  by  treating  lead  tetroxide  with  nitric  acid. 
It  is  used  in'  storage  batteries. 

Lead  Carbonate,  PbCOg,  is  found  native  as  the  trans- 
parent, crystallized  mineral  cerussite.  It  is  obtained  as  a 
white  powder  by  adding  ammonium  carbonate  solution  to 
lead  nitrate  solution.  Sodium  and  potassium  carbonates, 
however,  form  basic  lead  carbonates,  which  have  a  compo- 
sition dependiug  upon  the  temperature.  The  most  im- 
portant of  these  basic  carbonates  has  the  composition 
corresponding  to  the  formula  2  PbCOg.  Pb(OH)2,  and  is 
Icnown  as  white  lead.  It  is  a  heavy,  white  powder  which 
mixes  well  with  linseed  oil,  and  is  used  extensively  as  a 
white  paint  and  as  the  basis  of  many  colored  paints. 

White  lead  is  manufactured  by  several  processes.  The  Dutch  proceu 
is  the  oldest,  having  been  used  as  early  as  1633.  It  is  essentially  the 
same  to-day,  though  many  details  have  been  improved.  Perforated 
disks  of  lead  are  put  in  earthenware  pots  which  have  a  separate  com- 
partment at  the  bottom,  containing  a  weak  solution  of  acetic  add 
(about  as  strong  as  vinegar).  These  pots  are  arranged  in  tiers  in 
a.  large  brick  building,  and  spent  tan  bark  is  placed  between  each 
tier.  The  building  is  now  closed  except  openings  for  the  entrance  and 
exit  of  air  and  steam.  The  heat  voiatiliies  the  acetic  acid  which  changes 
the  lead  into  a  lead  acetate.  The  tan  bark  ferments  and  liberates  car- 
bon dioxide,  which  changes  the  lead  acetate  into  basic  lead  carbonate 
cr  white  lead.  The  whole  operation  requires  from  sixty  to  one  hun- 
^feed  days.    The  slowness  is  the  chief  objection  to  this  process.     In 
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the  German  process  acetic  acid  vapor,  steam,  and  carbon  diojcide  are 
forced  into  closed  chambers  in  which  sheets  of  lead  are  suspended,  ft 
requires  about  five  weeks,  la  the  French  proceas  basic  lead  carbonate 
b  precipitated  from  a  basic  lead  acetate  by  carboa  dioxide,  Hilner's 
process  is  a  modification  of  the  French  process.  Both  are  quicker  than 
the  Dutch  or  German  processes,  but  the  product  is  not  considered  so 
good.  An  electrolytic  process  has  recently  been  devised.  The  anode 
is  lead,  the  cathode  is  copper,  and  the  electrolyte  is  sodium  nitrate 
solution.  When  the  electric  current  is  passed,  (i)  nitric  acid  is  libe^ 
ated  at  the  anode,  and  changes  the  lead  into  lead  nitrate,  and  (2]  at 
the  cathode  sodium  is  formed,  which  decomposes  the  water,  thereby 
forming  sodium  hydroxide.  The  lead  nitrate  and  sodium  hydronde 
solutions  interact,  forming  insoluble  lead  hydroxide  and  sodium  nitnle, 
thus  — 

Pb(NO,)j  +  iNaOH  =      Ph(0H)3      +       aNaNO, 

Lead  Nitrate  Sodium  Hydroxide  Lead  Hydroxide  Sodium  Nitrate 
The  sodium  nitrate  is  left  in  the  cell  to  be  acted  upon  again,  but  the 
lead  hydroxide  is  changed  into  lead  carbonate  by  treatment  with  aodiuiD 
bicarbonate.  This  process  is  rapid,  and  the  product  is  claimed  to  be 
as  good  as  white  lead  produced  by  oUut  pnicesses. 

White  paint  turns  dark,  owing  to  the  formation  of  lead  sulphide, 
which  is  black.  Its  extensive  use  is  largely  due  to  its  great  covering 
power,  i.e.  a  very  thin  layer  produces  a  perfectly  white  surface,  and 
therefore  less  paint  is  required  for  a  given  area.  It  is  often  adulterated 
with  zinc  oxide  and  barium  sulphate;  those  are  white  solids,  butthq' 
are  cheaper  and  have  less  covering  power. 

Lead  Sulphide,  PbS.  —  Native  lead  sulphide  is  the  min- 
eral galeoa,  the  chief  ore  of  lead.     It  resetnbles  lead  in 
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appearance,  but  is  harder  and  is  usually  crystallized  as 
cubes,    octahedrons,  or  their  combinations  (Fig,  70).  Jk 
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has  perfect  cubic  cleavage,  i.e.  it  breaks  into  cubes  or  frag- 
ments more  or  less  rectangular.  It  is  easily  changed  into 
lead  by  heating  it  alone  or  with  sodium  carbonate  on  char 
coaL  Lead  sulphide,  as  prepared  in  the  laboratory,  is  a 
black  solid. 

Black  lead  sulphide  is  readily  precipitated  from  a  lead  salt  solution 
by  hydrogen  sulphide.  Its  formation  is  the  test  for  lead.  It  is  changed 
into  lead  chloride  by  concentrated  hydrochloric  acid  and  into  lead  sul- 
phate by  concentrated  nitric  acid. 

Other  Compounds  of  Lead,  which  are  important,  are  the  chloride, 
sulphate,  nitrate,  chromate,  and  acetattt»  Lead  chloride  (PbClj)  is  a 
\^hite  solid  formed  by  adding  hydrochloric  acid  or  a  soluble  chloride  to 
a  cold  solution  of  a  lead  salt.  It  dissolves  in  hot  water.  Lead  sul- 
phate (PbS04)  is  a  white  solid,  formed  by  adding  sulphuric  acid  or  a 
soluble  sulphate  to  a  solution  of  a  lead  salt.  It  is  very  slightly  soluble 
in  water,  but  soluble  in  concentrated  sulphuric  acid,  hence  crude  sul- 
phuric acid  often  contains  lead  sulphate.  Lead  nitrate  (Pb(N03)2)  is 
a  white  crystallized  solid  formed  by  dissolving  lead  (or  better,  lead  mo- 
noxide) in  nitric  acid.  When  heated,  it  decomposes  into  lead  oxide 
(PbO),  nitrogen  peroxide,  and  oxygen.  Lead  acetate  (Pb(C2H302)2) 
is  a  white,  crystallized  solid  formed  by  the  action  of  acetic  acid  upon 
lead  or  lead  oxide  (PbO).  It  is  very  soluble  in  water  and  is  often 
caUed  "  sugar  of  lead." 

EXERCISES. 

1 .  Name  the  chief  ore  of  tin.  Where  is  it  found?  What  is  "  stream 
tin"? 

2.  Give  briefly  the  history  of  tin.     What  is  its  symbol  ?    Why? 

3.  Describe  (a)  the  metallurgy  of  tin,  and  (d)  its  purification. 

4.  Summarize  the  propei4(es  of  tin.     State  its  uses. 

5.  What  is  "tin"?  Block  tin?  Tinfoil?  Tinware?  Sheet  tin? 
Tin  plate? 

6.  Describe  three  alloys  which  contain  large  proportions  of  tin. 
Name  several  alloys  containing  a  minor  proportion  of  tin. 

7.  Compare  native  and  artificial  tin  oxide  (Sn02). 

8.  What  is  the  formula  of  (a)  stannous  chloride,  and  (d)  stannic 
chloride?  What  is  their  chemical  relation?  State  the  use  of  each 
chloride.    What  other  names  has  stannous  chloride  ? 
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9.  What  is  the  most  abundant  ore  of  lead?    Name  other  natii^^ 
compounds. 

10.  Give  a  brief  history  of  lead.     What  is  its  symbol?    Why? 

11.  Discuss  the  production  of  lead. 

12.  Describe  the  metallurgy  of  lead  by  (a)  the  reduction  proce^^ 
(d)  roasting  with  iron,  (c)  electrolysis  of  galena. 

13.  Summarize  the  properties  of  lead. 

14.  State  the  uses  of  lead. 

15.  Discuss  the  relation  of  lead  to  water. 

16.  What  is  (a)  type  metal,  (^)  solder,  (c)  fusible  alloy? 

17.  Give  the  name  and  fcrmula  of  the  oxides  of  lead. 

18.  Describe  the  prepaik^n,  and  state  the  properties  and  uses  of 
(a)  litharge,  (d)  red  lead,  0^)^k^  peroxide. 

19.  What  is  white  lead?  Describe  its  preparation  by  (a)  the  Dutch 
method,  and  (^)  electrolysis  of  sodium  nitrate. 

20.  State  the  properties  and  usfe  of  white  lead. 

21.  What  is  the  formula  and  chlmical  name  of  galena?  Describe 
this  mineral.  Describe  the  corresponding  artificial  compound.  What 
is  the  test  for  lead?  *** 

22.  Describe  the  following  salts  of  lead :  (a)  chloride,  (^)  sulphate, 
(c)  nitrate,  (^)  acetate.  *,  ?. 

PROBLEMS.  ^ 

1 .  What  is  the  per  cent  of  lead  in  (a)  galena  (PbS),  (d)  cerussite 
(PbCOg),  (c)  anglesite  (PbSO^),  (</)  lead  acetate  (PbCCgHgOg),.  3  HjO)? 

2.  How.much  litharge  may  be  made  from  40.5  gm.  of  lead?    (As- 
sume Pb  +  O  =  PbO.) 

3.  What  is  the  per  cent  of  tin  in  (a)  tinstone  (SnOg),  (p)  stannous 
chloride  (SnClg),  (c)  stannic  chloride  (SnClJ  ? 
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These  elements  do  not  belong  to  the  same  group,  but 
^hey  have  several  common  properties  and  form  analogous 
Compounds. 

CHROMIUM. 

Occurrence  of  Chromium.  —  Metallic  chromium  is  never 
■found  free.  Its  chief  ore  is  an  oxide  (chromite,  chrome 
iron  ore,  FeCrgO^).  Native  lead  chromate  (crocoite  or 
crocoisite,  PbCr04)  is  less  common.  Traces  of  chromium 
occur  in  many  green  minerals  and  rocks,  e.£^,  emerald  and 
serpentine,  and  verde  antique  marble. 

Chromite  is  mined  chiefly  in  Greece,  New  Caledonia,  New  South 
Wales,  Turkey,  and  Canada.  The  total  annual  production  is  about 
30,000  tons. 

The  word  chromium  comes  from  the  Greek  word  chroma,  meaning 
color,  and  emphasizes  the  fact  that  most  chromium  compounds  have 
decided  colors. 

Preparation,  Properties,  and  Uses.  —  Chromium  was  a  rare  metal 
■until  Moissan  prepared  it,  in  1894,  in  the  electric  furnace.  Now  it  is 
produced  in  quantities  by  heating  a  mixture  of  chromite  and  carbon  in 
an  electric  furnace.  The  crude  chromium  is  refined  by  fusing  it  with 
lime.  Very  pure  chromium  is  also  prepared  by  reducing  chromic  oxide 
with  aluminium  powder. 

Chromium  is  a  lustrous  gray  metal.  It  takes  a  good  polish,  which  is 
not  removed  by  exposure  to  air.  It  is  hard,  but  it  can  be  filed  and  pol- 
ished without  difficulty.  Its  specific  gravity  is  about  6.9.  It  is  not 
attracted  by  a  magnet.     It  can  be  fiased  only  in  the  electric  furnace. 

Chromium  is  used  to  harden  the  steel,  which  is  to  be  made  into 
armor,  projectiles,  safes,  and  vaults,  and  parts  of  machines  used  to 
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crush  gold-bearing  quartz.  This  hardened  steel  is  called  chrome  sted. 
The  commercial  form  of  chromium  is  an  alloy  of  65  to  80  per  cenl 
chromium,  a  little  carbon,  and  the  rest  iroo;  this  alloy  b  calledtero- 
chrome. 

Compounds  of  Chromium  are  numerous,  some  are  com- 
plex, many  pass  readily  into  one  another,  and  a  few  have 
industrial  applications.  The  most  important  are  potassium 
chromate,  potassium  dichromate,  chrome  alum,  and  lead 
chromate. 

Potassium  Chromate  (KjCrO^)  and  Potassium  DichiiJ- 
mate  (or  Bichromate,  KaCr^Oj).  —  These  compounds  art 
manufactured  from  chrome  iron  ore.  The  crushed  ore  is 
mixed  with  lime  and  potassium  carbonate,  and  roasted  in 
a  reverberatory  furnace;  air  is  freely  admitted  and  the 
mass  is  frequently  raked.  By  this  operation  the  ore  is 
oxidized  into  a  mixture  of  calcium  aiid  potassium  chro- 
mates.  The  mass  is  cooled,  pulverized,  and  treated  with 
a  hot  solution  of  potassium  sulphate,  which  changes  the 
calcium  chromate  into  potassium  chromate.  The  clear, 
saturated  solution  of  potassium  chromate  is  changed  by 
sulphuric  acid  into  potassium  dichromate;  the  latter  is 
purified  by  recrystallization  from  water.  Potassium  cilfr 
mate  is  a  lemon-yellow,  crystallized  solid,  very  soluble  in 
water.  Acids  change  it  into  the  dichromate,  thus  — 
2  K^CrO^  -1-    HjSO^  =    K^CrjOj   +    K^SO,    +   H,0 

Potassium  Sulphuric  Potassium  Potassium         V/Utt 

Chromate  Acid  Dichromate  Sulphate 

Potassium  Dichromate  is  a  red  solid  which  forms  large 
crystals.  It  is  less  soluble  in  water  than  potassium  chro 
mate.     Alkalies  change  it  into  a  chromate,  thus- 

KaCraO^    +    2  KOH   =   3  K^CrO^  -f   HjO  1 
Potassium  Potassium  Potassium  Water  | 

Dichromate         Hydroxide  Chromate 
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tassium  diphromate  is  used  in  dyeing,  calico  printing, 
I  tanning,  in  bleaching  oils,  and  in  manufacturing  other 
omium  compounds  and  dyestuffs.  Its  uses  depend 
inly  upon  the  fact  that  it  is  an  oxidizing  agent  When 
irochloric  acid  is  added  to  potassium  dichromate,  oxy- 
i  from  the  dichromate  withdraws  hydrogen  from  the 
d  and  liberates  free  chlorine,  thus  — 

CfjO^  +  14  HCl  =  2  KCl  +  2  CrClg  +  3  CI,  +  7  HjO 

issium  Di-      Hydrochloric    Potassium        Chromic        Chlorine  Water 

Tomate  Acid  Chloride         Chloride 

an  oxidizable  substance  is  present,  such  as  organic  mat- 
alcohol,  or  a  ferrous  compound,  it  is  quickly  oxidized. 

^otassium  chromate  is  also  formed  as  a  yellow  mass  by  fusing  on 
:eiain  or  platinum  a  mixture  of  a  chromium  compound,  potassium 
>onate,  and  potassium  nitrate.  When  the  mass  is  boiled  with  acetic 
to  decompose  the  carbonate  and  expel  carbon  dioxide,  and  then 
ed  to  a  lead  salt  solution,  yellow  lead  chromate  is  formed.  This 
mment  is  often  used  as  a  test  for  chromium. 

!hrome  Alum,  KjCrg  (804)4 .  24  HgO,  is  a  purple,  crys- 
ized  solid.  It  is  analogous  in  composition  and  similar 
properties  to  ordinary  alum,  but  it  contains  chromium 
:ead  of  aluminium.  It  can  be  prepared  by  mixing 
assium  and  chromium  sulphates  in  the  proper  propor- 
i,  or  by  passing  sulphur  •  dioxide  into  a  solution  of 
assium  dichromate  containing  sulphuric  acid.  The 
imercial  substance  is  a  by-product  obtained  in  the 
lufacture  of  alizarine,  a  dye  which  yields  magnificent 
)rs.  Chrome  alum  is  used  as  a  mordant  in  dyeing  and 
CO  printing,  and  in  tanning. 

#ead  Chromate,  PbCr04,  is  a  bright  yellow  solid,  formed 
adding  potassium  chromate  or  dichromate  to  a  solution 
L  lead  salt.  It  is  known  as  chrome  yellow  and  is  used 
the  basis  of  yellow  paint.     When  boiled  with  sodium 
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hydroxide  (or  any  other  alkali),  lead  chromate  is  changed 
into  a  complex  chromate  called  chrome  red  or  chronie 
orange,  depending  upon  the  color. 

The  precipitatioQ  of  lead  chromate  by  the  interaction  of  a  dissolved 
lead  salt  and  a  dissolved  chromate  (or  dichromate)  is  a  teat  iw 
chromium. 

Chromium  fonuB  Three  Series  of  Compounds,  —  the  chromous,  llie 
chromic,  and  the  chromales.  Chromous  compounds  may  be  regarded 
as  derived  from  chromous  oxide  (CrO).  As  a  class  they  are  so  e: 
oxidized  into  chromic  compounds  that  they  are  hard  to  prepare  Md 
keep.  In  chromic  compounds,  chromium  acts  as  a  melal.  They  may 
be  regarded  as  derivatives  of  chromic  oxide  (CtJJ„).  This  is  a  briglit 
green  powder  prepared  by  heating  chromic  hydroxide  (Cv(OH),),  and 
is  the  basis  of  chrome  green  pigments  used  to  color  glass  and  porcelain- 
When  chromium  compounds  are  heated  with  borax  they  color  the  bead 
green,  owing  to  the  formation  of  this  oxide.  If  potassium  dichromate 
and  boric  acid  are  mixed  and  heated,  and  then  treated  with  wateri  a 
hydraled  chromic  oxide  is  formed  called  Goiignet's  green  (Cr,Oj. 
2  HgO)  ;  it  gives  a  permanent  color  and  is  extensively  used.  There  are 
several  chromic  hydroaddea.  The  typical  one  has  the  composition 
represented  by  the  formula  Cr(OH),.  It  is  a  bluish  solid  formed  bj 
the  interaction  of  a  chromic  compound  (^.^.  chrome  alum)  and  an 
alkaline  hydroxide,  carbonate,  or  sulphide.  The  chromic  hydro»(I«( 
which  k  always  precipitated,  is  soluble  in  an  excess  of  sodium  (or  p* 
tassium)  hydroxide.  That  is,  it  is  changed  into  a  soluble  chromite,  just 
as  aluminium  hydroxide  forms  soluble  aluminates.  Unlike  aluminales, 
however,  the  chromites  are  changed  back  into  chromic  hydroxide  by 
boiling.  Chromites  may  be  regarded  as  salts  of  an  acid  having  th' 
composition  corresponding  to  HCrOj ;  native  chromite  (FeCrpi  M 
Fe(CrOj)j)  is  an  iron  salt  of  this  acid.  Other  chromic  salts  are  clmniit 
chloride  (CrCl,),  chromic  sulphate  (Ct^^SO^)^),  and  potassiuin 
chromium  sulphate  or  chrome  alum  (see  above).  Chromates  and 
dichromates  start  theoretically  from  chromium  trioxide  (CrO,).  Thii 
is  the  anhydride  of  the  hypothetical  chromic  acid  (HjCrO,).  Inlti* 
class  of  compounds  chromium  acts  as  a  non-metal,  just  like  sulphur  in 
sulphuric  acid.  When  concentrated  sulphuric  acid  is  added  to  a  saturattd 
solution  of  potassium  dichromate  (or  chromate),  chromium  trioxwfe 
separates  as  long,  bright  red  crystals.     It  is  a  vigorous  oxidizing  af(Si- 
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Molybdenum  (Mo),  Tungsten  (W),  and  Uranium  (U)  are  rare 
etallic  elements  related  to  chromium.  Most  of  their  compounds  have 
ily  scientific  interest,  though  some  have  analytical  or  industrial  uses, 
tnmonium  molybdate  ((NH4)2Mo04)  is  used  in  the  laboratory  to  deter- 
ine  the  amount  of  phosphorus  in  fertilizers  and  iron.  Tungsten  is 
ed  to  harden  steel,  and  sodium  tungstate  for  making  cloth  fireproof, 
dts  of  uranium  are  used  to  color  glass.  Such  glass  is  green  by  trans- 
itted  light,  but  yellow  by  reflected  light. 

MANGANESE. 

Occurrence  of  Manganese.  —  This  elementary  metal  is 
3t  found  free  in  nature,  but  its  oxides  are  widely  distrib- 
:ed  and  rather  abundant.  The  chief  compound  is  man- 
inese  dioxide  (pyrolusite,  MnOg). 

Other  native  compounds  of  manganese  are  braunite  (Mn203),  haus- 
annite  (MugOJ,  manganite  (MnO(OH)  or  MnOgH),  and  rhodocroisite 
^nCOg). 

Manganese  ores  are  usually  impure,  and  their  value  is  estimated  by 
?termining  the  actual  per  cent  of  manganese  dioxide  they  contain, 
he  largest  producers  of  manganese  ore  are  Russia,  the  United  States, 
pain,  India,  and  Brazil.  The  output  in  the  United  States  comes 
liefly  from  Georgia,  Virginia,  and  Utah,  though  poor  ores  are  mined 
I  Colorado  and  the  Lake  Superior  region.  The  United  States  produces 
aly  a  small  fraction  of  the  amount  annually  consumed,  and  imports 
early  175,000  tons. 

Preparation,  Properties,  and  Uses  of  Manganese.  —  Manganese  is 
repared  by  heating  manganese  dioxide  with  charcoal  in  an  electric 
imace,  or  by  reducing  the  oxide  with  aluminium  powder. 

The  metal  is  grayish,  hard,  and  brittle.  Its  brilliant  luster  soon  dis- 
)pears  in  moist  air,  and  the  powdered  metal  decomposes  boiling  water. 

dissolves  in  dUute  acids. 

Alloys  of  Manganese  and  iron  are  extensively  used  in  the  manufac- 
ire  of  Bessemer  steel  (see  Steel).  Spiegel  iron  contains  from  5  to  20 
;r  cent  of  manganese,  while  ferromanganese  contains  20  per  cent 
•  more. 

Manganese  Dioxide,  MnOg,  is  the  most  abundant  and 
tiportant  compound.     It  is  a  soft,  black  solid,  and  is  often 
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called  black  oxide  of  manganese.  When  heated  it  yields 
oxygen;  and  when  heated  with  hydrochloric  acid  the  two 
compounds  interact,  forming  manganous  chloride,  chlorine, 
and  water,  thus  — 

MnOj     +     4HCI     =     MnClj     +   Oj     +    aH,0 
Manganese       Hydrochloric       Manganese       CWorine  Wats 

Dioxide  Add  Chloride 

It  colors  glass  and  borax  a  beautiful  amethyst,  and  is  often 
added  to  common  glass  to  neutralize  the  green  color. 
Enormous  quantities  are  used  in  the  manufacture  of  oxy- 
gen, chlorine,  glass,  and  manganese  alloys  and  compounds. 

The  manganese  dioxide  used  in  the  manufacture  of  ddoripe  is  recov- 
ered by  the  Weldon  process.  The  impute  manganous  chloride  solu- 
tion from  the  chlorine  still  is  treated  with  calcium  carbonate  to  neutrali" 
free  acid  and  precipitate  aay  iron  present.  Lime  is  added  to  the  deir 
solution  of  manganous  chloride,  and  air  is  blown  into  the  mixture.  The 
manganous  chloride  is  changed  into  manganous  hydroxide  CMn(OH)Ji 
which  interacts  with  the  oxygen  (of  the  air)  and  lime,  forming  diirft 
calcium  manganite  (CaMnO,,  or  CaO  .  MnO,).  After  this  mixture  li*s 
settled,  the  calcium  chloride  is  drawn  off,  and  the  manganese  compouiMl) 
which  b  called  "Weidon  mud,"  is  used  to  generate  more  chlorint 

Manganese  dioxide  was  used  by  the  ancients  to  decolorize  glass,  W 
its  nature  was  misunderstood.  They  confused  it  with  an  iron  oxidt 
called  magnesia  stone,  and  the  alchemists  in  the  Middle  Ages  gan 
the  name  magnesia  to  this  manganese  dioxide.  Later  ihey  called  il 
magnesia  nigra,  or  black  magnesia,  to  distinguish  it  from  magnesia  a^- 
or  white  magnesia  (MgO),  supposing  that  the  two  were  related.  H» 
ganese  was  isolated  in  1774.  and  later  was  given  the  specific  n»M 
mangamsiutn.,  which  was  soon  shortened  to  manganese. 

Potassium  Permanganate,  KMnO^,  is  a  dark  purpk. 
gUstening,  crystallized  solid,  though  the  ciystals  sometimes 
appear  black,  with  a  greenish  luster.  It  is  very  soluble  in 
water,  and  the  solution  is  red,  purple,  or  black,  according 
to  the  concentration.  Potassium  permanganate  gives  up 
its  oxygen  readily  and  is  used  as  an  oxidizing  agent  in  tbe 
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laboratory  and  on  a  large  scale  to  purify  stagnant  water 
and  sewage.  It  is  such  a  powerful  oxidizing  agent  that  it 
cannot  be  filtered  through  paper,  but  only  through  asbestos 
^r  spun  glass.  It  is  also  used  as  a  disinfectant,  as  a  medi- 
-ine,  in  bleaching  and  dyeing,  in  coloring  wood  brown,  and 
^  purifying  gases,  such  as  hydrogen,  ammonia,  and  carbon 
lioxide. 

Potassium  permanganate  is  manufactured  by  oxidizing  a  mixture  of 
^nganese  dioxide  and  potassium  hydroxide,  and  treating  the  resulting 
otassium  manganate  with  sulphuric  acid,  carbon  dioxide,  or  chlorine, 
"he  essential  reactions  are  represented  thus  — 

MnOg      +      2KOH     +  O  =    KgMnO^    +  Ufl 

Manganese        Potassium  Potassium 

Dioxide  Hydroxide  Manganate 

3  K2Mn04  +  2  CO3  =  2  KMnO^  +  2  KgCOg  +  MnOg 

Potassium  Permanganate 

The  uses  of  potassium  permanganate  depend  mainly  upon  its  oxidiz- 
Lg  power.    With  sulphuric  acid  the  action  is  represented  thus  — 

2KMn04   +  3H2SO4  =50    +    2MnS04  +  K2SO4  +  3H2O 

Potassium       Sulphuric    Oxygen    Manganese    Potassium    Water 
ermanganate       Acid  Sulphate       Sulphate 

'he  liberated  oxygen  attacks  at  once  any  organic  matter  present,  and 
le  solution  becomes  brown  or  colorless,  owing  to  the  decomposition 
f  the  potassium  permanganate  into  colorless  compounds. 

Compounds  of  Manganese,  like  those  of  chromium,  are  numerous, 
ften  complex,  and  closely  related.  There  are  four  oxides  besides 
langanese  dioxide.  Three  manganous  compounds  are  important,  the 
iloride  (MnClg),  the  sulphate  (MnS04),  and  the  sulphide  (MnS). 
he  chloride  and  sulphate  are  pink,  crystallized  salts,  and  the  sulphide 

a  flesh-colored  precipitate  formed  by  adding  ammonium  sulphide  to 
le  solution  of  a  manganous  salt,  thus  distinguishing  it  from  all  other 
ilphides.  Manganates  are  salts  of  the  hypothetical  manganic  acid 
H2Mn04).  They  are  analogous  to  chromates,  and  the  manganese  in 
lem  acts  as  a  non-metal.  Potassium  manganate  is  obtained  as  a 
reen  mass  by  fusing  a  mixture  of  a  manganese  compound^  potassium 
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hydroxide  (or  carbonate),  and  potassium  nitrate.  Its  forniation  on  i 
small  scale  constitutes  the  test  for  manganeBe.  Sodium  manguutt 
{NasMn04)  is  used  in  solution  of  a  disinfect.int. 

Radium  and  Radio-Activity.  —  Radium,  Ra.  is  an  element  whcse 
compounds  are  obtained  by  a  tedious  process  from  pitcliblende  andotte 
minerals  containing  uranium.  Radium  itself  has  not  yet  been  Isolaled, 
but  its  chloride  and  bromide  have  been  prepared  and  studied,  eapeii^)' 
by  Mme.  Curie.  Radium  compounds  color  the  Bunsen  flame  rei 
naturally  phosphorescent,  and  produce  phosphorescence  in  diamt 
and  other  substances.  Certain  properties  are  conspicuously  different 
from  those  exhibited  by  most  substances.  Thus,  radium  compotadi 
spontaneously  evolve  relatively  large  quantities  of  heat,  aiTect  a  photo- 
graphic plate,  and  discharge  an  electroscope.  These  properties  m 
called  radio-active  properties.  Uranium  and  thorium  compounds  be- 
have similarly  to  radium  compounds. 

Radio-active  phenomena  are  due  to  the  spontaneous  emission  of  wo 
kinds  of  very  small  particles  designated  as  a  and  fi  and  to  disturbanas 
in  the  ether  similar  to  light  —  the  so-called  y-radiation.  Each  kindiif 
particle  or  radiation  produces  a  relatively  different  effect.  It  has  beffl 
found  by  experiment  that  radio-active  substances  undergo  continiwiB 
changes,  which  give  rise  to  new  substances.  One  of  these  new  sub- 
stances is  called  radium  emanation;  its  decomposition,  or  "decay,"  ac 
it  is  called,  yields  helium  as  one  product,  Radio-activiiy  is  still  undif 
investigation  and  many  results  await  interpretation.  The  followinj 
however,  seem  to  be  well  established:  (i)  uraniunit  thorium,  radiuffli 
and  possibly  other  elements  are  undergoing  spontaneous  decoinpo^ 
tion ;  (z)  helium  is  formed  by  the  decomposition  of  elements  having' 
higher  atomic  weight ;  (3)  the  atom  as  postulated  by  chemists  ia  ub- 
stable  and  in  some  cases  tends  to  assume  a  more  stable  form ;  (4)  enot- 
mous  quantities  of  energy  are  involved  in  radio-active  traaafonnaticiiX' 

FKOBLEHS. 

1.  What  is  the  per  cent  of  chromium  in  (o)  lead  chromateCPbOOi)! 
(^)  chrome  ironstone  (Cr^Oj  •  FeO),  (.:)  chromic  oxide  (CrsOa)  f 

2.  What  is- the  per  cent  of  manganese  in  (a)  manganese  dio;tiils 
(MnOe),  (*)  manganese  sulphide  (MnS),  (e)  manganese  al"™ 
(KiMnn(SO,)4  ■  24  H;0)  ? 

3.  How  much  manganese  ore  containing  85  per  cent  of  mangaoot 
dioxide  is  needed  to  prepare  300  lb.  of  chlorine? 


CHAPTER  XXVIII. 
IRON,  NICKEL,  AND  COBALT. 

Introduction. — These  three  elements  form  a  natural 
jroup.  Their  properties  are  similar.  Cobalt  and  nickel 
ire  very  closely  related  and  are  seldom  found  alone.  Iron 
esembles  manganese  and  chromium. 

IRON. 

Iron  is  the  most  useful  of  all  metals.  It  has  been  known 
or  ages,  and  has  been  indispensable  in  the  development  of 
he  human  race. 

The  S3niibol  of  iron,  Fe,  is  from  the  Latin  vtor  A  ferrum.  Yromferrum 
Te  derived  the  forms  fern-  and  ferro-  (found  in  such  words  as  ferricya- 
^de,  ferromanganese,  ferrocyanide,  etc.),  and  the  terms  ferrous  and 
ferric. 

Occurrence  of  Iron.  —  Uncombined  iron  is  found  only 
n  meteorites,  which  fall  upon  the  earth  from  remote 
'egions  in  space,  and  in  a  very  few  rocks.  Combined  iron 
s  abundant  and  widely^  distributed.  It  is  found  in  most 
'ocks  and  many  minerals,  in  the  soil,  in  springs  and  nat- 
iral  waters,  in  chlorophyll  —  the  green  coloring  matter  of 
>lants,  —  and  in  haemoglobin  —  the  red  coloring  matter 
>f  blood.  The  chief  ores  of  iron  are  hematite  (FegOg), 
imonite  (FegOg.  FeaCOH)^),  magnetite  (Fe304),  and  sider- 
^eCFeCOg). 

Other  abundant  compounds  of  Iron  not  used  as  a  source  of  the  metal 
•e  pyrites  (FeSg),  pyrrhotite  (varying  from  FegS^  to  Fei^Sig),  and  the 
»pper-iron  sulphides  (chalcopyrite,  CuFeSg,  and  bomiie,  CugFeSg). 
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The  United  Stales  leads  the  world  in  the  productioa  of  iron  ore,tl>!  I 
annual  output  for  the  last  few  years  being  over  50^0,000  tons.  This  | 
vast  quantity  comes  from  twenty-five  different  states,  but  the  bulk  is 
mined  in  Minnesota,  Michigan,  Alabama,  Wisconsiji,  Tennessee,  Vir- 
ginia and  West  Virginia,  and  Colorado.  The  moat  abundant  ore  islhi 
red  hematite,  which  comes  chiefly  from  the  Lake  Superior  region  {Fij. 
71);  large  quantities  are  mined  in  Alabama  and  Tennessee.  Tht 
latter  states,  together  with  Virginia  and  West  Virginia,  fiimish  m 
the  limonite  or  brown  iron  ore.  Pennsylvania,  New  Jersey,  and  Kc» 
Yorlt  contribute  most  of  the  magnetite,  though  some  is  mined  also  In 


L 


Fic;.  71.  —  Deposits  of  iron  and  copper  near  I^ke  Superior.  No,  4  is  thete? 
per  rcEion.  The  iron  regions,  known  as  ranges,  are  Marquulle  (i),  Menomrnw 
(a),  Goeebic  {3),  Vermilion  (5),  Mesabi  (6),        ■ 

Michigan,  The  carbonate  ores,  wWch  constitute  less  than  one  percent 
of  the  output,  come  mainly  from  Ohio,  Maryland,  and  New  York.  Iiw- 
provements  in  the  machinery  and  methods  used  in  mining  and  tram- 
porting  iron  ore  have  reduced  its  coFit  and  facilitated  its  produdio''' 
Thus,  at  an  incredibly  small  expense,  ore  from  the  Lake  Superior  repo" 
Is  raised  from  open  pits  by  steam  shovels,  dumped  into  large  car!,af" 
ried  to  shipping  ports  on  the  lakes,  dumped  again  into  huge  bunkfl* 
dropped  down  chutes  into  big  freight  steamers  (many  of  which  l" ' 
6000  tons),  which  carry  it  to  South  Chicago  and  Milwaukee,  liioQl'i 
over  two  thirds  is  received  at  ports  on  the  south  shore  of  Lake  En' 
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arded  by  rail  to  Pittsburg,  Pennsylvania.  Tliis  city  is  the  great 
f  the  iron  and  steel  industries,  Birmingham,  Alabama,  is  the 
'  the  industry  in  the  South,  because  near  it  the  necessary  ore, 
1  limestone  are  con- 

lUorgy  of  Iron. 

is  extracted  most 
from  its  oxides, 
is,  whatever  their 
:er,  are  iirst 
i  and  roasted  to 
■-  them  into  ferric 
FCjOg)  as  far  as 
e,  and  to  make 
'  material  porous. 
prepared,  the  ore 
ted  with  coke  (or 
ind  limestone  in 
;  furnace.  The 
reduces  the  oxide 
allic  iron,  which 
i  as  a  liquid  at  the 
of  the  furnace 
h  the  slag  formed 
:  limestone  and 
lies.      The   blast 

\     Ig-    72)    IS    a  ^^^  7a.  — Blaal  furnace.     ^,  Iliroal;  B, 

Ower,  from   forty  bosh;  q  crucible  where  the  melted  iron  col- 

:ty  feet   high   and  l«.cls;/'.pip«s  f"  hoi  .ir  blasl;  £.  esa.pe 

■f                  °  pipe  for  gases  which  do  nol  escape  Ihroi^b 

3Urteen   to  seven-  the  -down  comer";    G.  cup;   J/,  cone;  JV, 

:et  in  diameter  at    !r°"f^\*"^.T;"^'''^'''^;.  ^'"''"'^  '''^" 

through  which  Iron  is  withdrawn. 

■gest  part;  but  it 

■ower  at  the  top  and  bottom  than  in  the  middia 
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It  is  built  of  masonry  and  iron,  and  lined  with  fire  bricli. 
Pipes  at  the  bottom,  called  tuyeres,  allow  large  quantities 
of  hot  air  to  be  forced  into  the  furnace  and  up  through  the 
contents,  thereby  producing  the  high  temperature  required 
in  the  melting ;  while  another  pipe  at  the  top  not  only  per- 
mits the  escape  of  hot  gaseous  products,  but  conducts 
them  into  a  series  of  pipes  which  lead  to  different  parts  of 
the  plant,  where  the  hot  gases  are  utilized  as  fuel.  The 
blast  pipes  correspond  to  the  bellows  used  by  a  blacksmith, 
and  the  exit  pipe  to  a  chimney,  except  that  gases  escaping 
through  chimneys  are  usually  wasted. 

When  the  furnace  has  been  heated  to  the  proper  tem- 
perature, or  is  already  in  operation,  the  ore,  coke,  lime- 
stone, etc.,  are  carried  to  the  top  of  the  furnace  by 
machinery  and  introduced  into  the  furnace  by  dumping 
them  upon  the  cone-shaped  cover;  their  weight  lowers 
the  cover,  which  files  back  tightly  into  place  after  the 
materials  roll  into  the  furnace.  The  charge  consists  of 
alternate  layers  of  ore,  fuel,  and  flux.  The  fuel  is  coke,  or 
coke  mixed  with  coal.  The  flux  varies  with  the  ore,  but 
it  is  usually  limestone,  though  feldspar  and  sand  are  used 
if  the  ore  contains  Ume  compounds.  The  object  of  the 
fiux  is  twofold,  (i)  It  removes  the  impiuities  from  the 
charge  in  the  form  of  a  fusible  glass  called  slag  or  cinder, 
and  (2)  thereby  prevents  the  reduced  iron  from  reuniting 
with  oxygen  of  the  air  which  is  being  constantly  blown  in- 
As  the  smelting  proceeds,  the  iron  falls  through  the  slag 
to  the  bottom  of  the  furnace,  where  both  are  drawn  off 
through  separate  openings.  Fresh  charges  of  definite 
weight  are  added  at  regular  intervals,  and  the  whole  oper- 
ation continues  without  interruption  for  months  or  eW 
years. 

The  iron  from  the  furnace  is  usually  poured  into  tnoWf 
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of  sand  or  iron  and  allowed  to  solidify.  Such  iron  is  pig 
iron  or  cast  iron.  A  single  large  furnace  will  produce  in 
a  day  about  500  tons  of  pig  iron.  In  some  plants  the 
molten  iron  is  run  into  huge  vessels,  called  converters,  and 
made  directly  into  steel  (see  below). 

The  chemical  changes  involved  in  the  metallurgy  of  iron  are  numer- 
ous and  complicated.  In  general,  the  iron  oxide  is  reduced  to  metallic 
iron  largely  by  carbon  monoxide.  The  carbon  of  the  fuel  at  first  forms 
carbon  dioxide  with  the  oxygen  of  the  air  blast.  But  the  dioxide  is 
soon  reduced  by  the  hot  carbon  to  the  monoxide,  which  interacts  with 
the  ore,  thus  — 


SFejOs    +        CO 

=         2Fe304        +         COa 

Ferric             Carbon 

Ferrous-ferric           Carbon 

Oxide           Monoxide 

Oxide                 Dioxide 

Fe304    +     CO 

=     3FeO     +     CO3 

Ferrous 

Oxide 

FeO  +  CO  =  Fe  +  CO^ 

Considerable  carbon  monoxide  escapes,  however,  in  the  waste  gas.  At 
this  stage  the  iron  becomes  porous,  and  is  doubtless  prevented  from  re- 
oxidation  by  the  carbon  dioxide  liberated  from  the  decomposed  lime- 
stone. As  the  spongy  iroh  sinks  into  the  hotter  part  of  the  furnace,  it 
combines  with  carbon  to  some  extent,  finally  melts,  sinks  through  the 
slag,  and  accumulates  at  the  bottom,  or  hearth,  of  the  furnace.  The 
iron  obtained  in  this  way  contains  small  amounts  of  carbon,  sulphur, 
phosphorus,  silicon,  and  manganese. 

Varieties  of  Iron.  —  The  iron  we  use  and  speak  of  is 
not  pure  iron,  but  largely  a  mixture  or  compound  of  iron 
with  other  elements,  chiefly  carbon.  It  is  customary  to 
speak  of  three  varieties  of  iron,  —  cast  iron,  steel,  and 
wrought  iron.  This  classification  is  based  chemically 
upon  the  per  cent  of  carbon  they  contain,  though  their 
physical  properties  are  modified  by  the  presence  of  silicon, 
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phosphorus,  sulphur,  and  manganese,  as  well  as  by  the 
special  method  of  manufacture.  The  different  varieties  are 
closely  related,  and  pass  easily  and  gradually  into  each 
other.  Commercially,  there  are  several  kinds  of  cast  iron 
and  many  kinds  of  steel. 

Cast  Iron  is  the  most  impure  variety.  It  contains,  be- 
sides carbon,  the  impurities  mentioned  above.  It  has  a 
crystalline  structure,  and  is  brittle.  The  proportion  of 
carbon  varies  from  3  to  s  or  more  per  cent.  If  most  of  the 
carbon  is  combined  with  the  iron,  the  metal  is  called  white 
cast  iron.  But  if  the  molten  metal  cools  slowly,  much  of 
the  carbon  remains  uncombiiied  as  graphite,  and  the  color 
of  the  iron  is  gray ;  this  kind  is  gray  cast  iron.  It  is 
softer  than  the  white  variety,  and  melts  at  a  lower  temperi- 
ture.  Although  cast  iron  is  brittle,  it  will  withstand  great 
pressure.  It  cannot  be  welded  or  forged,  that  is,  hot 
pieces  cannot  be  united,  nor  be  shaped  by  hammering. 
But  it  is  extensively  used  to  make  castings.  This  is  the 
kind  of  iron  used  in  an  ordinary  iron  foundry.  The  iron, 
which  melts  at  a  comparatively  low  temperature  (aboul 
1200"  C),  is  heated  in  a  furnace  similar  to  a  blast  fufnace, 
and  when  molten  is  poured  into  sand  molds  of  the  desired 
shape.  Stoves,  pipes,  pillars,  railings,  parts  of  machines, 
and  many  other  useful  objects  are  made  of  cast  iron. 
Birmingham,  Alabama,  is  the  center  of  the  cast-iron  in- 
dustry in  the  United  States. 

Cast  iron  containing  ;  to  20  per  cent  of  manganese  is  called  spi^ 
iron,  wliile  ferro -manganese  contains  from  20  to  85  per  cent  of  OH* 
ganese.    Both  are  used  in  making  steel. 

Wrought  Iron  is  the  purest  variety  of  commercial  iron. 
It  contains  not  more  than  0.5  per  cent  of  carbon  and  soiOfr 
times  only  0.06  per  cent,  the  average  being  0.15  per  cent 
It  is  tough,  malleable,  apd  fibrous.     It  can  be  bent.    Un- 
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HRe  cast  iron,  it  does  not  withstand  pressure,  but  it  wiL' 
sustain  great  weight.  An  iron  wire  will  sustain  the  weight 
of  nearly  a  mile  of  itself.  It  melts  at  such  a  high  tem- 
perature (1600°  to  2000°  C.)  that  it  is  not  used  for  casting. 
It  can  be  forged  and  welded,  and  is  therefore  often  called 
malleable  iron.  It  may  be  seen  undergoing  these  opera- 
tions in  a  blacksmith's  shop.  It  can  also  be  rolled  into 
plates  and  sheets  and  drawn  into  fine  wire  ;  in  these  forms 
the  metal  is  very  strong.  Wrought  iron  is  made  into  wire, 
sheets,  rods,  nails,  spikes,  bolts,  chains,  anchors,  horseshoes, 
tires,  and  agricultural  implements.  It  is  less  important 
than  formerly,  since  it  is  being  largely  replaced  by  steel. 

Wrought  iron  is  made  from  cast  iron  by  burning  out  the 
impurities.  The  process  is  technically  called  puddling. 
Cast  iron  is  heated  in  a  furnace,  much  like  a  reverberatory 
furnace,  lined  on  the  bottom  and  sides  with  iron  ore  (fer- 
ric oxide,  FcjOg).  The  intense  heat  melts  the  cast  iron  ; 
its  carbon  and  silicon  are  removed  partly  by  the  oxygen  of 
the  air,  but  mainly  by  the  oxygen  of  the  iron  oxide.  As 
the  mass  becomes  pasty,  owing  to  its  higher  melting  point, 
it  is  stirred  vigorously,  or  "  puddled,"  At  the  proper  time 
the  lumps  are  removed  and  hammered,  or  more  often 
rolled  between  ponderous  rollers.  This  operation  removes 
the  slag,  and  if  the  rolling  is  repeated,  the  quality  of  the 
iron  is  improved  ;  the  final  rolling  leaves  the  iron  in  the 
shape  desired  for  market. 

Steel  is  intermediate  between  cast  iron  and  wrought  iron 
as  far  as  its  proportion  of  carbon  is  concerned.  Many 
grades  of  steel  are  manufactured,  and  their  physical  prop- 
erties depend  not  only  upon  the  presence  of  other  elements 
besides  carbon,  especially  phosphorus,  silicon,  and  certain 
metals,  but  also  upon  the  raw  materials,  the  method  of 
manufacture,  and  subsequent  treatment. 
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The  properties  of  steel  are  numerous.  It  is  botli 
fusible  and  malleable,  and  hence  can  be  forged,  welded, 
and  cast.  It  is  harder,  stronger,  and  more  durable  than 
pure  iron,  and  is  more  serviceable.  But  its  most  valuable 
property  is  the  varying  hardness  which  it  can  be  made  to 
acquire.  If  steel  is  heated  very  hot  and  then  suddenly 
cooled  by  immersion  in  cold  water  or  oil,  it  becomes  brittle 
and  very  hard.  But  if  heated  and  then  cooled  slowly,  it 
becomes  soft,  tough,  and  elastic.  All  grades  of  hardness 
may  be  obtained  between  these  extremes.  And  if  the 
hardened  steet  is  reheated  to  a  definite  temperature,  deter- 
mined by  the  color  the  metal  assumes,  and  then  properly 
cooled,  a  definite  degree  of  hardness  and  elasticity  is  ob- 
tained. This  last  operation  is  called  tempering.  Every 
kind  of  tool  has  a  temper  determined  by  its  use.  Special 
grades  of  hard  steel  are  also  made  by  the  addition  of  cer- 
tain metals,  especially  chromium  and  nickel.  Harveyized 
steel  is  made  by  packing  steel  in  a  mixture  of  charcoal 
and  boneblack,  and  heating  it  to  a  very  high  temperature. 
This  operation  hardens  the  surface.  This  brand  of  steel 
is  extensively  used  as  armor  p!ate  in  warships. 

Manufacture  of  Steel. — The  aim  in  the  manufacture 
of  steel  is  to  prepare  a  product  containing  little  or  no  sot 
phur,  phosphorus,  and  silicon,  but  the  desired  proportioil 
of  carbon.  This  may  be  done  by  three  general  methodst 
(i)  the  carbon  may  be  partly  removed  from  cast  irtHi, 
(2)  carbon  may  be  added  to  wrought  iron,  {3)  cast  iron 
may  be  added  to  wrought  iron.  The  first  method  is  diffi- 
cult to  operate,  and  is  seldom  used.  The  other  methods 
are  utilized  by  several  processes. 

(i)  In  the  cementation  or  crucible  process,  wrought 
iron  and  carbon  are  packed  in  tight  fire-clay  boxes  and 
heated  for  several  days.     The  iron  slowly  absorbs  carbon 
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Tff  Some  way  unknown  at  present,  and  becomes  a  steel  ol 
extreme  purity  and  excellent  quality.  Tiie  bars  are  melted 
in  graphite  crucibles  to  make  the  metal  of  uniform  quality, 
and  cast  into  large  bars  called  ingots.  This  process  is 
long  and  expensive,  but  the  steel  is  considered  the  best  for 
fine  tools. 

(2)  The  Bessemer  process  is  the  one  in  most  genera! 
use.  It  was  introduced  ahout  i860,  and  has  practically 
revolutionized  steel  making.  By  the  economical,  scien- 
tific, and  extensive  application  of  this  process,  all  grades  of 
steel  are  quickly  made  at  such  a  relatively  small  cost  that 
the  use  of  this  metal  has  been  enormously  extended,  much 
to  the  prosperity  of  the  United  States.  About  two  thirds 
of  the  annual  production  is  Bessemer  steel.  The  process 
consists  in  burning  out  the  impurities  in  cast  iron  by  forc- 
ing air  through  the  molten  metal,  and  then  adding  enough 
iron  of  known  composition  to  give  the  desired  propor- 
tion of  carbon.  The  operation  is 
carried  on  in  a  converter  (Fig.  73). 
This  is  a  huge,  egg-shaped  vessel, 
supported  so  that  it  can  be  rotated 
into  different  positions;  it  is  also 
provided  with  holes  at  the  bottom 
through  which  a  powerful  blast  of 
air  can  be  blown.  It  is  made  of  thick 
wrought  iron  plates,  and  is  lined  with 
an  infusible  mixture  rich   in   silica. 

T-,  .         -  ■    ..  u       ■  riC  73.  — Convener 

The  converter  is  swung  mto  a  hori- 
zontal position  and  five  to  twenty  tons  of  molten  pig  iron 
are  poured  in  direct  from  the  blast  furnace  The  air  blast 
is  turned  on,  and  the  converter  is  swung  back  to  a  \ertical 
position.  As  the  air  is  forced  through  the  molten  metal, 
the  temperature  rises,  the  carbon  is  oxidized  to   carbon 
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oaonoxide  which  bums  on  the  surface  ni  the  metsl,  andtfie 
siHcott  is  oxidized  to  ailicon  diosiiie,  whicii  is  taken  ap  by 
Che  3lag.  This  oxidadua  generates  enough  besc  to  kBssp 
the  metal  melted,  and  no  fuel  need  be  used.  As  saaa 
as  the  impuriEies  have  been  burned  out,  sufficient  ^iegti 
iroa  is  added  to  f  timish  the  proper  amount  of  carbon.  Bv 
atfcfeig  Spiegel  iron  of  known  composition,  Bessemer  sSBsi 
of  atqr  desred  grade  is  produced.  After  the  campIetKBc 
of  the  operation,  which  tabes  about  twenty  mmute^  tUe 
contents  of  the  converter  are  ponred  into  naolds. 

(3)  In  the  Bessemer  process,  snlphor  and  phosph«as 
are  oot  removed.  Both  are  objectionable  impurtCies;  9it 
phar  mates  steel  brittle  when  hot,  and  phosphoras  maiies 
it  brittle  when  cold.  The  TtioiiiasGilchiist  pcocesB  is  i 
modification  of  the  Bessemer  process  by  which  tie  soj^aur 
and  phosphoms  can  be  removed.  The  converter  is  Ened 
with  a  mixture  of  time  and  magnesia,  called  a  basic  Ening, 
Hme  is  also  added  to  the  charge  o£  pig  iron,  and  the  hiast 
is  continiied  a  little  longer  than  in  the  Bessemer  process; 
otherwise  the  operations  are  the  same.  The  phospbona 
forms  a  phosphate  and  the  sulphur  a  sulphate,  bodt  ^ 
wbich  are  taken  up  by  the  liuing.  The  Hning,  wfaid  h 
known  as  Thomas  slag,  is  used  as  a  source  of  phospbonis 
for  fertilizers. 

(4)  In  the  Siemeos-Martiit  or  open-heartb  pfooeo^  s 
mixture  of  cast  iron,  scrap  iron,  and  injn  ore  in  the  pre^*" 
proportions  is  placed  on  the  hearth  (H)  of  an  opoi-faeaTtfr 
fomace  (Fig.  73  a)  and  heated  se\-erai  hours  by  a  very  t>e>* 
gas  flame  obtained  by  forcing  air  and  gas  tbrtMigh  to* 
brick  checterwork  {A,  B  and  (T.  IX).  The  impurities  foo^ 
a  slag  with  the  hearth  lining.  When  a  test  shows  that  tfa* 
metal  contains  the  desired  proportion  of  carbon,  fentWB**** 
ganese  is  added,  and  the  charge  is  then  poured  into  mold* 
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!  open-hearth  process  yields  a  tough,  elastic  steel, 
ch  is  excellent  for  bridges,  large  machines,  large  guns, 
gun  carriages. 


Fig.  73  a.  —  Open-bearth  furnace. 


?roperties  of  Iron. — Chemically  pure  iron,  though  un- 
nmon  in  commerce,  may  be  obtained  in  the  laboratory  by 
lucing  the  oxide  with  hydrogen  and  by  electrolysis.  Such 
n  is  called  iron  "  by  hydrogen,"  or  electrolytic  iron.  The 
rest  commercial  form  is  the  wrought  iron  used  for 
no  wire.  Pure  iron  is  a  silvery  white,  lustrous  metal, 
is  softer  than  ordinary  iron,  but  melts  at  a  higher  tem- 
ature.  The  specific  gravity  is  about  7.8.  It  is  attracted 
a.  magnet,  but  soort  loses  its  own  magnetism.  Dry  air 
no  effect  upon  iron,  but  moist  air  containing  carbon 
cide  rusts  it  Iron  rust  is  a  complex  compound,  but  its  es- 
tial  constituent  is  a  ferric  hydroxide  (Fea03-Fe2(OH)g). 
sting  proceeds  rapidly,  because  the  film  of  rust  is  not 
*pact  enough  to  protect  the  metal.  Like  many  metals, 
*  readily  interacts  with  dilute  acids,  and  as  a  rule  hydro- 
i-  and  ferrous  compounds  are  the  products. 
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With  nilrtc  acid  various  products  result,  according  to  the  conditiausi 
—  ferrous  nitrate  and  ammonium  nitrate,  if  the  acid  is  cold,  but  ferric 
nitrate  and  oxides  of  nitrogen  if  the  acid  is  warm.  If  acleatiiron  witcis 
dipped  into  fuming  nitric  acid  and  then  into  ordinary  nitric  acid,  no  action 
is  apparent.  The  iron  is  said  to  be  passive.  This  peculiar  ha  bas  aol 
been  adequately  explained.  Steam  and  hot  iron  interact,  fliua  — 
3Fe  +  4HaO  =  Fe^O,  +  4H, 
Iron  Water         Iron  Oxide     Hydrogen 

(See  Preparation  of  Hydrogen.) 

Compounds  of  Iroa.  —  Iron  forms  two  series  of  com- 
pounds,—  the  ferrous  and  the  ferric.  They  are  analogous 
to  cuprous  and  cupric,  mercurous  and  mercuric  com- 
pounds. Ferrous  compounds  in  an  acid  solution  pass  into 
the  corresponding  ferric  compound  by  the  action  of  o!!i- 
dizing  agents,  e.^.  oxygen,  nitric  acid,  potassium  chlorate, 
potassium  permanganate,  and  chlorine.  Conversely,  fenic 
compounds  are  reduced  to  the  ferrous  by  reducing  agents, 
e.^.  hydrogen,  hydrogen  sulphide,  sulphur  dioxide,  aod 
stannous  chloride.  The  passage  from  one  series  to  the 
other  occurs  easily,  especially  from  ferrous  to  ferric.  In 
most  of  its  compounds,  iron  acts  as  a  metal.  Many  com- 
pounds of  iron  have  industrial  importance,  as  well  as 
scientific  interest. 

Oxides  and  Hydroxides  of  Iron,  —  Iron  forms  three 
oxides.  Ferrous  oxide  (FeO)  is  an  unstable  black  powder. 
Ferric  oxide  (Fe^Og)  occurs  native  in  many  varieties  >s 
hematite  —  the  most  abundant  ore  of  iron.  It  may  be  pt^ 
pared  by  heating  ferrous  sulphate  or  ferric  hydroade, 
Large  quantities  are  obtained  as  a  by-product  in  the  niMU- 
facture  of  Nordhausen  (or  fuming)  sulphuric  acid  andol  ] 
galvanized  iron  and  tinned  ware.  It  is  sold  under  tht 
names  rouge,  crocus,  and  Venetian  red.  It  is  used  to  pot 
ish  glass  and  jewelry,  and  to  make  red  paint.     FerTOH* 
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:  or  ferroso-ferric  oxide  (magnetic  oxide  of  iron, 
),)  occurs  native  as  magnetite ;  if  noticeably  magnetic, 
called  loadstone.  It  is  produced  as  a  black  film  or 
r  by  heating  iron  in  the  air ;  heaps  of  it  are  often  seen 
le  the  anvil  in  a  blacksmith's  shop.  The  firm  coating 
lis  oxide  formed  by  exposing  iron  to  steam  protects 
netal  from  further  oxidation. 

rroQB  hydroxide  (Fe(OH)j)  is  a  white  solid  formed  by  the  inter- 
I  of  a  ferrous  sait  and  an  alkali,  such  as  sodium  hjdroxiiie.  Ex- 
to  the  air,  it  soon  turns  green,  and  finally  brown,  owing  to  the 
tion  of  ferric  hydroxide.  Ferric  hydroxide  (Fej(OH)B)  is  a  red- 
jrown  solid,  formed  by  the  interaction  of  ammonium  hydroxide 
ly  alkali)  and  a  ferric  salt.  Several  ferric  hydroxides  are  known, 
reshly  prepared  compound  is  an  antidote  for  arsenic. 

itrous  Snlpbate  (FeSO^)  is  a  green  salt  obtained  by 
nteraction  of  iron  (or  ferrous  sulphide)  and  dilute  sui- 
te acid,  and  is  a  by-product  in  several  industries  (e.^. 
'erric  Oxide).  It  is  prepared  on  a  large  scale  by  oxi- 
g  iron  pyrites  (FeS^);  this  is  accomplished  simply  by 
ing,  or  more  often  by  exposing  heaps  of  pyrites  to 
t  air.  The  mass  is  extracted  with  water  containing 
)  iron  and  a  small  proportion  of  sulphuric  acid.  From 
:lear  solution,  large  light  green  crystals  are  obtained, 
crystallized  salt  (FeSO^ .  7  H^O)  is  also  called  green 
ol  or  copperas.  Exposed  to  the  air,  ferrous  sulphate 
■esces  and  oxidizes.  Large  quantities  are  used  as  a 
lant  and  a  disinfectant,  and  in  manufacturing  ink, 
g,  and  pigments.  Much  black  writing  ink  is  made 
itially  by  mixing  ferrous  sulphate,  nutgalls,  gum,  and 
r.  Blue  ink  is  usually  made  of  Prussian  blue  —  an 
compound  (see  below)  —  oxalic  acid,  and  water. 

rriC  Sulphate  (Fe5(S0j)B)  is  formed  by  oxidizing  an  acid  solution 
"■     sulphate  with  nitric  acid.    When  ferric  sulphate  solution  is 


388                     Descriptive  Chemistry.                       1 

agent,  and  therefore  finds  extensive  use  in  dyeing.    It  is  1 
also  used  as  one  of  the  ingredients  of  the  sensitive  coatbg 
of  "  blue  print  "  paper. 

Ferrous  salts  and  potassium  ferricyanide  interact  in  solution  aod  pro- 
duce ferrous  ferricyanide  (Fe3(Fe(CN},)j).    This  is  a  blue  solid  aod  is 
often  called  TumbuU's  blue.     But  ferrous  salts  produce  with  potassium 
ferrocyanide  a  white  precipitate  (ferrous  ferrocyanide ),  which  quickly  ad- 
dizes  to  a  complex  blue  compound.    Ferric  salts  interact  with  potassium 
ferrocyanide  and  produce  ferric  ferrocyanide  (Fej(Fe(CN)B),).    This 
is  a  dark  blue  solid,  and  is  called  Prussian  blue  or  Berlin  blue.    Ferric 
salts  produce  no  precipitate  with  potassium  ferricyanide.    Prussian  bha 
is  extensively  used  in  dyeing  and  calico  printing,  and  in  making  hluing. 
The  above  reactions,  which  allow  ferrous  and  ferric  salts  to  be  dialin- 
guished,  may  be  summarized  as  followa :  — 

1 

CVANIDH. 

Tbkkous  Salt. 

Fkkkic  Salt, 

Ferrocyanide 
Ferricyanide 

Whitish  precipitate 
Turnbuli's  blue 

Prussian  blue 
No  precipitate 

Besides  the  above  tests,  potassium  sulphocyanate  produces  a  dark  red 
liquid  with  ferric  salts,  but  leaves  ferrous  salts  unchanged.     The  teatl 
for  iron  are  thus  numerous  and  specific, 

NICKEL. 

Nickel,  Ni,  occurs  combined  with  arsenic,  sulphur,  or 
both.     Small  amounts  of  metallic  nickel  are  found  in  iDfr 
teorites.     The  chief  ores  are  nickel-bearing  iron  sulphides, 
which  are  abundant  in  the  Sudbury  district,  Canada,  and 
the  silicates  found  in  New  Caledonia.     A  small  amount  is 
produced  in  the  United  States  as  a  by-product  in  smelt- 
ing lead  ores  from  a  Missouri  mine. 

Nickel  is  obtained  from  its  Ores  by  complicated  pro- 
cesses, and  is  now  refined  by  electrolysis.     It  is  a  white 
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\,  which  takes  a  brilliant  polish.  It  is  ductile,  hard, 
cious,  and  does  not  tarnish  in  the  air.  Like  cobalt,  it 
tracted  by  a  magnet. 

ickel  has  varied  Uses.  —  For  many  years  it  has  been 
as  one  ingredient  of  the  small  coins  of  several  coun- 
,  The  per  cent  of  nickel  varies  from  I3  in  the  United 
:5  cent  to  25  in  the  five-cent  piece.  German  silver 
lins  from  15  to  25  per  cent  of  nickel,  the  rest  being 
er  and  zinc.  Large  quantities  of  nickel  are  used  to 
or  plate  other  metals,  especially  iron  and  brass.  The 
el  plating  is  done  by  electrolysis,  as  in  the  case  of 
t  and  gold  plating,  though  the  electrolytic  solution 
b  a  sulphate  of  nickel  and  ammonium,  not  a  cyanide. 
Rieposit  of  nickel  is  hard,  brilliant,  and  durable. 
,el  becomes  malleable,  if  a  little  magnesium  is  added 
le  molten  metal,  and  sheets  of  iron  covered  with  such 
;1  are  made  into  vessels  for  cooking.  Nickeloid  is  a 
:l-plated  sheet  zinc.  Its  attractive  appearance  and 
:orrosive  property  adapt  it  for  the  manufacture  of 
:tors,  refrigerator  linings,  bath  tubs,  show  cases,  and 
The  most  important  use  of  nickel  is  in  the  manu- 
re of  nickel  steel  which  contains  varying  proportions 
;kel.  Large  quantities  are  used  for  the  armor  plates 
turrets  of  battleships,  and  for  parts  of  machinery 
ring  great  strength. 

:kel  forms  two  aeries  of  compounds,  —  the  nickelous  and  the  nick- 
The  iiickelou3  are  more  cornmon,  and  many  of  them  are  green, 
est  for  nickel  is  the  formation  of  the  apple-green  hydroxide 
Hjj)  by  the  interaction  of  an  alkali  and  the  solution  of  a  nickel 

alt,  Co,  generally  ocairs  combined  with  arsenic  and  sulphur,  and 
n  associated  with  nickel  compounds.  It  is  a  lustrous  metal  with 
ish  tinge,  harder  than  iron,  but   less  magnetic.     The  hydrated 
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compounds  are  red  in  solution,  anhydrous  compounds  are  blue 
Hence  red  crystallized  salts  turn  blue  when  heated.  Some  cobalt 
compounds  are  used  to  color  glass,  porcelain,  and  paper,  espeeiallj  a 
cobalt  silicate.  This  is  known  as  Bmalt,  or  smalt  blue ;  and  since  it  a 
unchanged  by  sunlight,  acids,  or  alkalies,  it  is  used  to  decorate  poTCi- 
lain.  Other  pigments  are  cobalt  blue  (an  oxide  of  cobalt  and  aluminiurn), 
and  Rinmann's  green  (an  oxide  of  cobalt  and  zinc).  The  blue  ralw 
produced  by  fusing  cobalt  compounds  into  a  borax  bead  is  the  test  to 
cobalt. 

EXERCISES. 

I.   What  is  the  symbol  of  iron?     From  what  word  is  it  derived? 

3. ,  Discuss  the  occurrence  of  iron.     Name  the  chief  ores.    Nan 
other  compounds  of  iron.     What  proportion  of  the  earth's  crust  is  iron? 

3.  Discuss  (a)  the  production  and  transportation  of  ii 
the  United  States,  and  (d)  the  production  of  iron. 

4.  What  is  the  general  chemical  change  in  the  metatlui^  of 
iron?    Describe  a  blast  furnace.     Summariie  the  smelting  of  ii 
Discuss  the  chief  physical  and  chemical  changes  involved  in  the  smelting. 

5.  Name  the  varieties  of  iron.  Horn  do  they  differ  essentially! 
What  is  (a)  galvanized  iron,  (#)  meteoric  iron? 

6.  Describe  cast  iron.    State  its  composition,  propierties,  and  uses, 

7.  Describe  the  manuticture  of  wrought  iron.  State  its  compou* 
tion,  properties,  and  uses. 

8.  State  the  composition  and  properties  of  sted.    Compare  briefly  j 
with  cast  and  wrought  iron.    What  is  tempering? 

9.  Describe  the  manufacture  of  steel  by  the  following  processes: 
(a)  cementation,  (6)  Bessemer,  (c)  Thomas-Giichrist,  (rf)  Siemens- 
Martin, 

to.   State  the  uses  of  steel. 

1 1 .  State  the  properties  of  iron. 

12.  How  are  ferrous  changed  into  ferric  Compounds,  and  vrce  versaf 

13.  How  is  ferric  oiide  prepared?  What  is  the  native  form  called? 
For  what  is  crocus  used? 

14.  What  is  the  formula  and  chemical  name  of  magnetic  oxide  of 
iron?  What  is  loadstone?  How  is  magnetic  oxide  of  iron  produced? 
What  is  the  native  form  called? 

15.  Describe  ferric  hydroxide.    What  is  its  use? 

16.  Describe  ferrous  sulphate.  How  b  it  prepared?  For  whatii 
it  used  ?     What  is  copperas  ? 
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17.  What  is  iron  alum?    How  is  it  related  to  ordinary  alum? 

18.  Describe  ferrous  sulphide.  How  is  it  made?  For  what  is  it 
ed?  Compare  it  with  ferric  sulphide.  Discuss  the  occurrence  and 
>e  of  the  latter. 

19.  Describe  ferrous  carbonate. 

20.  Describe  potassium  ferrocyanide.  How  is  it  made?  State  its 
roperties  and  uses.    What  is  its  common  name?    Its  formula? 

21.  Describe  potassium  ferricyanide.  For  what  is  it  used?  How 
I  it  related  chemically  to  potassium  ferrocyanide? 

22.  Describe  the  tests  for  iron.  What  is  Prussian  blue?  For  what 
\  it  used? 

23.  Discuss  the  occurrence  of  nickel.  State  its  properties  and  uses, 
describe  nickel  plating.  What  is  (a)  a  "nickel,"  (d)  nickel  steel? 
^hat  is  the  test  for  nickel  ? 

24.  State  the  properties  of  cobalt.  For  what  are  its  compounds 
«d?    What  is  smalt?    What  is  the  test  for  cobalt? 

PROBLEMS. 

I.  Calculate  the  percentage  composition  of  (a)  ferric  oxide,  (3)  fer- 
is  sulphate,  (c)  ferrous  sulphide  (FeS). 

2-  If  1.586  gm.  of  iron  form  2.265  g"^-  o^  ferric  oxide,  what  is 
J  atomic  weight  of  iron?    (Equation  is  2  Fe  +  3  O  =  FcjOj.) 


CHAPTER  XXrX. 

FLATimTM  AND  ASSOCUTED  UETAIS. 

Occurrence  of  Platinum.  —  Platinum  occurs  as  the  essen- 
tia] ingredient  of  platinum  ore  or  so-called  native  platinuiD. 
The  ore  contains  from  60  to  86  per  cent  of  platinum.  The 
other  metals  present  are  ruthenium,  osmium,  iridium,  rho- 
dium, and  palladium.  Iron,  gold,  and  copper  are  also  usu- 
ally present.  Only  one  native  compound  is  known,  w 
platinum  arsenide  (sperrylite,  PtAsj).. 

The  ore  is  found  chiefly  in  the  Ural  Mountains  in  Russia,  but  son* 
comes  from  South  America,  Australia,  and  Borneo.  The  United  Stals 
produced  about  1440  ounces  of  met^Uc  platinum  in  1906,  but  the  usu^ 
amount  is  very  much  less.  It  came  from  the  gold  deposits  in  Califoraia 
and  the  copper  mines  in  Wyoming.  The  latter  source  also  furnished 
osmium,  palladium,  and  iridium.  The  world's  annual  prodi 
metallic  platinum  for  the  last  few  years  has  been  about  200,000  oudcb- 
Russia  supplies  over  90  per  cent  of  this  amoiut. 

The  word  platinum  is  derived  from  platina,  a  form  of  the  SpanisJ 
■votA plala,  meaning  silver,  because  native  platinum  was  regarded  asM 
impure  ore  of  silver  by  the  Spaniards,  who  first  discovered  it  in  Souw 
America  about  1735.  Platinum  is  now  sometimes  called  by 
name  platina. 

Preparation  of  Platinum.  —  The  platinum  ore,  which  occun  to 
rounded  grains  or  flattened  scales,  is  first  digested  with  dilute  fl?W 
regia  to  remove  the  gold,  silver,  and  copper;  and  then  with  conan- 
traied  aqua  regia,  which  changes  alt  the  platinum  and  a  very  littit 
iridium  into  soluble  compounds,  leaving  behind  an  alloy  of  iridium  ami 
osmium.  From  the  clear  solution  the  platinum  and  iridium  are  precipi- 
tated by  ammonium  chloride  as  compounds,  which,  on  healing,  yidi 
the  metals  as  a  spongy  mass.     This  spongy  platinum  is  melted  in> 
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iti)^  crucible  with  an  oxhydrogen  flame,  or  hammered  while  hot  into 
^eet  platinum.  The  very  small  amount  of  iridium  b  seldom  removed 
"^'^ra  the  metallic  platinum- 
Properties  and  Uses  of  Platinum.  —  Platinum  is  a  lus- 
trous, grayish  white  metal.  It  is  malleable  and  ductile, 
and  usually  appears  in  commerce  in  the  form  of  wire  and 
sheets.  Sheet  platinum  is  cut  into  squares  —  the  familiar 
platinum  foil  of  the  laboratory,  or  made  into  crucibles, 
dishes,  and  stills  for  sulphuric  and  hydrofluoric  acid  (Fig. 
74).  Its  use  in  these  forms  is  due  partly  to  its  infusibility 
and  partly  to  its  resistance  to  acids  and  other  corrosive 
chemicals.  Although  it  is  attacked  by  fused  caustic  alka- 
lies and  a  few 
other  substances, 
it  is  practically  « 
indispensable 
the  chemical  lab- 
oratory. Plati- 
num is  a  good 
conductor  of  elec- 
tricity, and  large  quantities  are  consumed  in  incandescent 
electric  light  bulbs.  Short  pieces  of  wire  are  fused 
into  the  glass  at  the  base  of  the  bulb  and  attached  to 
the  outside  wires,  conveying  the  current  to  and  from  the 
carbon  filament  within.  Platinum  is  the  only  metal  thus 
far  found  which  is  perfectly  adapted  to  this  use.  Dentists 
use  alloys  of  platinum  as  a  filling  for  teeth,  and  some  is 
made  into  jewelry.  The  demand  exceeds  the  supply,  and 
in  the  last  five  years  the  price  of  this  rare  metal  has 
doubled,  reaching  $38  an  ounce  in  1906.  Platinum  has  a 
specific  gravity  of  about  21,  which  is  higher  than  that  of 
any  known  substance,  except  osmium  and  iridium.  In  the 
form  of  a  black,  porous  mass  it  is  called  spongy  platinum. 


Fin.  74.- 
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and  a  still  finer  form  is  called  platinum  black.     Both  forms 

absorb  large  volumes  of  gases ;  and  if  a  current  of  the  gas 
is  directed  against  the  metal,  the  gas  often  takes  fire.  Me- 
tallic platinum  has  the  same  property  to  a  less  degree,  for 
it  becomes  red-hot  if  held  in  a  stream  of  illuminating  gas, 
and  often  ignites  the  gas.  Palladium  has  similar  proper- 
ties (see  Occlusion).  Platinum  forms  alloys  with  other 
metals,  and  should  never  be  heated  with  lead,  similar  met- 
als, or  their  compounds,  since  the  alloys  have  a  low  melt- 
ing point.  With  iridium,  however,  it  forms  a  very  hard 
alloy  of  which  the  international  metric  apparatus  is  made. 

Platinic  Chloride  (PtC!,)  is  the  only  important  compound  of  plati- 
is  a  brownish  solid  formed  by  treating  platinum  with  agtia 
regia  and  evaporating  the  solution  to  dryness.  The  solution  is  used  in 
chemical  analysis,  and  in  photography  to  produce  "  platinum  prints." 
Chloroplatisic  acid  (H^PtCl„)  forms  complex  salts,  of  which  the  yel- 
low, crystalline  potaasium  chlorplatinate  (KaPtClfl)  and  ammonium 
Chlorplatinate  ((NH,)aPtCIJ  are  the  best  known. 

The  Metals  associated  with  Platinum  have  limited  uses.    Pal- 
ladium is  used  in  chemical  analysis  to  absorb  hydrogen,  osmium  is 
utilized  in  the  Auer  incandescent  electric  light,  and  a  native  (as  well  as 
an  artificial)  alloy  of  iridium  and  osmium,  called  itidosmine,  is  uawtjfl^ 
tip  gold  pens.  hH 

EXESCISES.  ^H 

1.   Name  the  metab  related  to  platinum. 
z.    Discuss  the  occurrence  of  platinum. 

3.  What  is  (a)  native  platinum,  (A)  spongy  platinum,  (c)  platinum 
black,  (d)  platinum  foil,  (*)  sheet  platinum  ? 

4.  Discuss  the  production  of  platinum. 

5.  What  is  the  symbol  of  platinum  ?     What  is  the  derivation  O 
word  platinum  ? 

6.  Describe  the  preparation  of  platinum.     Summarize  its  propc 
Stale  its  uses. 

7.  Describe  platinic  chloride. 

8.  State  the  uses  of  the  metals  related  to  platinum. 
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PROBLEMS. 

1.  A  piece  of  platinum  foil  measuring  10.5  cm.  by  1.5  cm.  weighs 
0.723  gm.  Into  how  many  pieces,  each  weighing  i  dg.,  may  it  be 
divided  ? 

2.  The  specific  heat  of  platinum  is  0.0324.  According  to  analysis, 
35*5  S^'  ^^  chlorine  unite  with  48.6  gm.  of  platinum  to  form  platinic 
chloride.  What  is  (a)  the  atomic  weight  of  platinum,  and  (&)  the 
formula  of  platinic  chloride  ? 


CHAPTER  XXX. 

GENERAL  RELATIONS  OF  THE  ELEMENTS. 

Introduction.  —  In  the  preceding  chapters  emphasis  has 
been  laid  on  individual  elements.  Certain  group  relations 
were  also  pointed  out,  but  little  or  nothing  was  said  con 
cerning  the  elements  as  a  single  large  group.  The  ele- 
ments are  not  independent.  They  possess  certain  funda- 
mental properties,  which  show  that  although  apparently 
very  different,  they  are  really  closely  related.  In  this 
chapter  we  shall  consider  two  topics  which  illustrate  this 
general  fundamental  relationship,  viz.  the  periodic  law  and 
spectrum  analysis. 

THE   PERIODIC   LAW. 

Classification  of  the  Elements.  —  As  the  number  of 
elements  increased,  attempts  were  made  to  classify  them. 
About  the  time  of  Lavoisier  (1743- 1794)  they  were  roughly 
divided  into  metals  and  non-metals.  Those  elements 
were  called  metals  which  were  hard,  lustrous,  heavy,  and 
good  conductors  of  heat,  while  the  others  were  called  non- 
metals.  This  classification  proved  to  be  misleading  as 
additional  elements  were  discovered.  It  is  used,  however, 
even  now,  because  many  common  elements  fall  readily  into 
one  of  these  classes. 

Classification  according  to  acid  and  basic  properties 
prevailed  for  a  time.  But  it  was  abandoned  largely  be- 
cause such  a  basis  of  division  excluded  elements  exhibiting 
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»th  acid  and  basic  properties,  such  as  arsenic,  antimony, 
.romium,  and  aluminium. 

The  elements  have  also  been  classified  according  to  their 
tlence  into  six  or  seven  groups  (the  mono-,  di-,  tri-,  etc.). 
uit  this  plan  has  been  largely  given  up  on  account  of  so 
any  troublesome  cases  of  variable  and  unsatisfied  valence 
ee  Valence). 

About  1828  Dumas  pointed  out  striking  resemblances 
itween  certain  elements,  and  he  suggested  several  groups 
•  families.     For  example :  — 

(I)  (2)  (3)  (4) 

Lithium  Selenium  Calcium  Nitrogen 

Sodium  Sulphur  Strontium  Phosphorus 

Potassium  Oxygen  Barium  Arsenic 

his  classification  was  arbitrarily  based  on  selected  physi- 
il  and  chemical  properties.  It  was  interesting  but  incom- 
ete,  because  it  emphasized  resemblances  and  overlooked 
fferences — that  is,  the  basis  of  comparison  was  not 
oad  enough. 

The  first  actual  progress  began  to  be  made  about  1850, 
hen  chemists  became  deeply  interested  in  the  significance 
atomic  weights.  Dumas  (in  1857)  ^^^  others  pointed 
it  certain  remarkable  numerical  relations  existing  be- 
'een  the  atomic  weights  of  related  elements.  Thus,  the 
omic  weight  of  sodium  is  half  the  sum  of  the  atomic 
sights  of  lithium  and  potassium  — 

Li  =  7,Na  =  23,  K  =  39-        ^^=23- 

he  same  is  true  of  phosphorus,  arsenic,  and  antimony  — 

T»             A               oi_                 31  +  120 
Ps=3i,  As=7S,  Sb  =  i20.     ±-^ =  75.5. 


39^ 
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The  existence  of  other  relations  similar  to  these,  together 
with  a  deep  desire  to  obtaio  more  accurate  atomic  weights 
and  a  growing  interest  in  the  properties  of  the  elements 
themselves,  focused  the  attention  of  chemists  at  this  time 
(1855-1865)  upon  the  relation  of  properties  to  atomic 
weights.      Several   things   fostered   the   above  priaciple- 
One  was  the  atomic  weight  determinations  of  Stag,  ^¥hose 
masterly  work  proved  beyond  doubt  that  Prout  was  incor- 
rect when  he  insisted  in  1815  that  the  atomic  weights  ar^ 
whole   numbers.     Another  was  the  acceptance   by  mos*^ 
chemists  of  the  same  table  of  atomic  weights,     A  third 
was  the  rapid  accumulation  of  many  facts  about  the  ele- 
ments and  their  compounds.     Chemists  were  ready  for 
new  classification  of  the  elements. 


^^ 


The    Periodic    Classification.  —  Previous  to 
classification  included  all  the  elements.     In  that  year  th* 
Russian  chemist  Mendcleeff  published  a  Classification  C»^ 
the  elements  according  to  the  periodic  law.    His  view  s 
had  been   partially  anticipated  by  several  chemists,  aad 
were  soon  amplified  by  the  Gt^rman  chemist,  Lothar  Meyer- 
Their  classification  of  the  elements  revealed  a  new  relation 
between  the  properties  of  the  elements  and  their  atomic 
weights.     If  all  the  elements  are  arranged  in  the  order  of 
their  increasing  atomic  weights   beginning  with   heliiiiu, 
their  properties  will  vary  periodically,  i.e.  at  certain  regu- 
lar intervals  or  periods  elements  will  be  found  which  bavi; 
similar  properties.     In  other  words,  a  certain  increase  in 
atomic  weight  causes  a  reappearance  or  return  of  prop-  J 
erties.     The  general  relation  is  often  summarized  in  the  J 
Periodic  Law— 


77/f  propertifs  of  the  elements  i 
their  atomic  weights. 


e  periodic  funcliom  ^/l 
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The  Spectroscope  consists  essentially  of  a  prism  and  tubes,  t 
which  is  a  telescope  (Fig.  75) .    The  light  enters  a  slii  ia  the  tube,  f 


I 


1.  75. — A  speclroscope. 


through,  and  falls  upon  the  prism.  Here  it  is  bent  from  lis  path,a[i^>i 
it  emerges  from  the  prism,  it  may  be  viewed  through  the  teltiscopeu* 
magnified  spectrum. 

Kinds  of  Spectra.  —  (i)  The  spectrum  of  an  incan- 
descent solid  is  a  continuous  band  of  colors.  (2)  But  liis 
spectra  of  gases  are  narrow,  colored,  vertical  bars  or  Una 
separated  by  black  spaces.  Thus,  sodium  vapor  has  a  yel- 
low line,  potassium  a  red  and  a  violet  line,  and  barium  sev- 
eral lines  where  the  green  and  yellow  parts  of  the  ordinary 
spectrum  occur,  Each  element  which  Is  a  gas,  or  whichcan 
be  vaporized,  has  its  own  bright  line  spectrum.  ThelinM 
always  occupy  the  same  relative  positions,  which  in  mosl 
cases  have  been  very  carefully  determined.  Therefore, 
when  examined  through  a  spectroscope,  the  yellow  line  of 
sodium  will  always  be  seen  in  its  proper  place,  and  the  red 
and  violet  potassium  lines  in  their  places.  Therefore,  by 
examining  the  light  from  different  substances,  it  is  possi- 
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s  to  tell  what  elements  they  contain.  (3)  The  spectrum 
sunlight  is  the  familiar  band  of  colors,  but  it  is  crossed 
irtically  by  many  black  lines,  which  have  fixed  positions 
?ig.  76).  It  is  believed  that  the  sun  is  a  glowing  hot 
olid,  surrounded  by  very  hot  gases.     It  therefore  should 
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Fig,  76. — Spectrum  of  sunlight  showing  some  of  the  vertical  lines. 

?ive  the  two  kinds  of  spectra, —  the  continuous  and  the 
aright  line.  Now  it  has  been  proved  that  the  vapor  of 
^n  element  absorbs  the  light  given  out  by  the  same  ele- 
ment when  solid.  Hence  the  dark  lines  which  appear  in 
he  solar  spectrum  are  caused  by  the  absorptive  power  of 
he  gases  in  the  sun's  atmosphere.  The  solar  spectrum  is 
►ften  called  an  absorption  spectrum. 

Spectrum  Analysis. — In  the  laboratory  the  spectro- 
cope  is  used  to  detect  the  presence  of  certain  elements, 
iiore  especially  the  metals.  If  the  metal  or  one  of  its 
ompounds  is  put  on  a  platinum  wire  and  held  in  the 
iunsen  flame  before  the  slit,  the  characteristic  spectrum 
>f  the  element  can  be  easily  recognized  in  the  telescope. 
t*wo  spectra  do  not  interfere,  because  each  line  has  its 
►wn  place.  Hence  several  elements  may  be  distinguished 
ti  a  mixture.  Minute  quantities  are  easily  detected  by  the 
pectroscope.  Rare  elements,  which  can  be  obtained  only 
ti  very  small  quantities  or  with  great  difficulty,  are  studied 
>y  the  spectroscope.  Thus,  Bunsen,  who  (with  Kirch- 
loff)  devised  the  improved  spectroscope,  discovered  the 
are  metals,  rubidium  and  caesium.  And  within  the  last 
ew  years  the  spectroscope  has  been  especially  serviceable 


404  Descriptive  Chemistry. 

in  studying  argon,  helium,  krypton,  neon,  and 
By  means  of  the  spectroscope  it  has  been  shown  that  tfie 
sun  contains  many  elements  found  in  our  earth.  Accord- 
ing to  a  reliable  authority,  about  thirty  of  the  elements 
known  to  us  are  present  in  the  sun,  The  spectroscope 
also  enables  astronomers  to  tell  the  nature  of  stars,  comets, 
nebulae,  and  other  heavenly  bodies.  The  stars  thus  far 
examined  give  spectra  crossed  by  dark  lines,  and  therefore 
these  bodies  are  like  the  sun;  but  nebula  give  bright  line 
spectra,  and  hence  consist  of  incandescent  gases, 

EXERCISES. 

1.  Discuss  the  classification  of  the  elements  according  to  (a)niet»l« 
and  non-metals,  (*)  add  and  basic  properties,  (1:)  valence,  (rf)  grospf 
based  on  resemblances,  (_e)  numerical  relations. 

2.  What  is  the  fundamental  idea  of  the  periodic  classification  I 
How  does  it  differ  from  previous  systems  f  When  and  by  whom  M> 
this  classification  proposed  and  developed  ? 

3.  Slate  the  periodic  law.  Explain  it.  What  is  meant  by  (<i)  func- 
tion, (ff)  period,  (r)  group  ? 

4.  Illustrate  the  law  by  (11)  the  alkali  metals,  and  (£)  the  halogo^ 

5.  Discuss  the  gaps  in  the  periodic  arrangement  of  the  elements. 

6.  Of  what  use  has  this  law  been  ? 

7.  State  some  objections  to  it. 

8.  Describe  (a)  a  continuous  spectrum,  (A)  a  line  spectrum,  (f)M 
absorption  3f>ectrura. 

9.  Describe  a  spectroscope.     How  is  it  used  ? 

10.  What  kind  of  a  spectrum  is  produced  by  (a)  a  glowing  stM- 
(*)  a  glowing  vapor,  (c)  a  glowing  solid  surrounded  by  a  glowing  vajw! 

11.  What  is  spectrum  analysis  ?  How  is  it  applied  (o)  in  tliel»l»- 
ratory,  and  (6)  by  astronomers  ? 

12.  What  does  spectrum  analysis  show  about  each  element  ?  Abo* 
their  relations  to  each  other  ?  About  their  distribution  ?  About  A* 
heavenly  bodies  ? 

13.  Who  perfected  the  spectroscope  and  developed  its  use  ? 

14.  What  recent  use  has  been  made  of  the  spectroscope  in  (a) 
istry,  and  (i)  astronomy  ? 


CHAPTER  XXXI. 

SOME  COMMON  ORGANIC  COMPOUNDS. 

Introduction.  —  In  the  early  days  of  chemistry  it  was 
believed  that  starch,  sugar,  and  other  compounds  obtained 
from  plants  and  animals  were  produced  by  the  influence  of 
some  mysterious  vital  force.  Such  compounds  were  called 
organic,  because  of  their  connection  with  living  things,  i,e, 
iirith  bodies  having  organs ;  and  they  were  sharply  dis- 
tinguished from  inorganic  or  mineral  compounds  obtained 
from  the  earth's  crust.  This  distinction  prevailed  until 
Wohler,  in  1828,  prepared  urea  —  a  characteristic  organic 
compound  —  from  inorganic  substances.  Since  then  the 
tarrier  between  the  two  classes  of  compounds  has  been 
completely  removed.  We  now  believe  that  compounds  of 
carbon,  whatever  their  source,  are  subject  to  the  laws  that 
govern  all  other  compounds.  The  terms  organic  and  inor- 
ganic are  still  used,  though  they  have  lost  their  original 
iiarrow  meaning.  Carbon  forms  a  vast  number  of  com- 
pounds which  are  related  to  each  other,  and  which  differ 
markedly  from  most  compounds  of  other  elements.  It  is 
convenient,  therefore,  to  distinguish  these  compounds  by 
the  term  organic  and  to  study  them  under  the  comprehen- 
sive title  of  Organic  Chemistry  or  the  Chemistry  of  Carbon 
Compounds. 

Composition  of  Organic  Compounds.  —  The  number  of 
organic  compounds  is  very  large,  but  they  contain  only  a 
few  elements  —  seldom  more  than  four  or  five.     Hydro- 
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carbons,  as  already  indicated,  contain  carbon  and  hydro 
gen.  Vegetable  substances,  typified  by  starch,  sugar,  and* 
fruit  acids,  contain  carbon,  hydrogen,  and  oxygen.  Ani- 
mal substances,  like  hair,  albumen,  gelatine,  and  muscle 
generally  contain  nitrogen  as  well  as  carbon,  hydrogen, 
and  oxygen ;  some  also  contain  sulphur  or  phosphorus, 
Artificial  organic  compounds,  like  dyestuffs,  may  contain 
any  element,  especially  chlorine,  iodine,  and  metals. 

The  number  and  complexity  of  organic  compounds  is 
due  to  several  facts  already  mentioned  in  a  previous 
chapter,  (i)  Atoms  of  carbon  have  power  to  unite  with 
themselves,  (2)  Atoms  of  different  elements  can  be  intro- 
duced into  carbon  compounds.  Sometimes  these  atoms 
are  simply  added,  sometimes  they  replace  other  atoms, 
thus  producing  an  endless  number  of  addition  and  substi- 
tution products.  (3)  The  same  number  of  atoms  niiji 
arrange  themselves  differently,  thereby  producing  isomeric 
compounds  having  different  properties.  To  these  princi- 
ples, which  should  be  reviewed  until  firmly  grasped,  must 
be  added  another.  (4)  Organic  compounds  contain  radi- 
cals. These  radicals  are  analogous  to  hydroxyl  (OH)  and 
ammonium  (NH^),  and  like  these  radicals  they  exist  only 
in  combination.  They  act  like  single  atoms  and  enter 
unchanged  into  a  number  of  organic  compounds.  The 
radical  CjHg  is  called  ethyl.  It  is  present  in  many 
organic  compounds,  and  its  presence  in  ordinary  alcohol 
gives  rise  to  the  scientific  name,  ethyl  alcohol.  Ifetbyl 
(CHg)  is  another  important  radical,  and  phenyl  (CgHj)!* 
especially  common  in  the  benzene  series  of  organic  cont- 
pounds. 

Structure  of  Organic  Compounds.  —  An  extensive  study 
of  the  properties  of  organic  compounds  has  revealed  many 
facts  about  their  constitution,  i.e.  the  structure  of  tlidl 
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lecules.  Little  or  nothing,  of  course,  is  known  about 
shape,  size,  etc.,  of  molecules,  but  much  is  known 
)ut  the  grouping  of  atoms  and  of  radicals  in  the  mole- 
es.  These  facts,  which  are  ascertained  by  experiment 
i  are  often  too  complex  to  be  expressed  briefly,  may  be 
)resented  by  suitable  formulas.  The  ordinary  or  empiri- 
L  formula  of  alcohol  is  CgHgO.  But  this  formula  tells 
thing  about  the  relation  these  atoms  bear  to  each  other, 
r  whether  all  the  hydrogen  atoms  act  alike.  Experiment 
3ves,  however,  that  (i)  one  hydrogen  atom  acts  differ- 
tly  from  the  other  five,  and  (2)  one  hydrogen  atom  is 
73ys  associated  with  the  oxygen  atom  in  chemical 
einges.  Hence,  the  formula  CgHg  .  OH  expresses  more 
ly  these  facts.  Such  a  formula  is  called  a  rational  or 
istitutional  formula.  Sometimes  constitution  is  ex- 
sssed  by  a  graphic  formula.  Thus  methane  and  ethane 
ve  the  graphic  formulas  — 

H  H    H 

I  I       I 

H— C— H  H— C— C— H 


H  H    H 

Methane  Ethane 

these  diagrams  the  single  lines  represent  a  valence  of 
e  —  nothing  else,  and  the  number  of  lines  connected 
th  each  atom  must  be  equal  to  the  valence  of  the  ele- 
mt  in  the  compound.  The  lines  are  sometimes  called 
nds  or  links,  but  they  are  not  intended  to  represent  at- 
LCtion  or  any  other  force.  Nor  do  they  represent  space 
ations.  In  the  case  of  methane,  they  mean  that  the 
ir  hydrogen  atoms  bear  the  same  relation  to  the  single 
rbon  atom.     In  the  case  of  ethane,  they  mean  the  same, 
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but  they  also  indicate  that  the  two  carbon  atoms  are  joined 
The  graphic  formula  of  ethyl  alcohol  is — 
H     H 
I        I 
H— C  —  C— O— H 
I        1 
H     H 

This  is  not  an  arbitrary  arrangement ;  the  facts  mentioned 
above  necessitate  this  general  arrangement.  Additional 
illustrations  of  this  subject  will  be  given,  as  different 
compounds  are  discussed. 

Classification  of  Organic  Compounds.  —  Organic  com- 
pounds are  divided  and  subdivided  into  many  classes 
for  purposes  of  study.  Only  the  most  common  organic 
compounds  can  be  considered  in  this  book.  These  are 
members  of  the  following  groups:  (i)  Hydrocarbons, (2) 
Alcohols,  (3)  Aldehydes,  (4)  Ethers,  (5)  Acids,  (6)  Ethe- 
real salts,  (7)  Fats,  glycerine,  and  soap,  (8)  Carbohydrates, 
{9)  Benzene  and  its  derivatives.  Some  compounds  are  so 
closely  related  that  they  really  belong  to  several  of  these 
groups,  while  a  few  cannot  strictly  be  put  in  any  of  them. 

HYDROCARBONS. 

Three  of  these  compounds  of  carbon  and  hydrogen  have 
been  fully  considered  m  Chapter  XV-  The  chief  facB 
and  fundamental  principles  recorded  there  may  be  profit- 
ably reviewed  at  this  point  Other  hydrocarbons  will  be 
discussed  under  Benzene  (see  below). 


Alcohols  are  compounds  of  carbon,  hydrogen,  and  otf- 
gen.    Ordinary  or  ethyl  alcohol  is  the  best  knowtn  metnlwr 
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of  this  group.  It  is  usually  called  simply  alcohol.  There 
are  many  alcohols  analogous  to  ethyl  alcohol,  but  the  only 
other  important  one  is  methyl  alcohol. 

The  alcohols  may  be  regarded  as  hydroxides  of  certain  radicals,  e.g, 
ethyl,  methyl,  propyl,  etc.^  For  example,  ethyl  alcohol  is  ethyl  hydrox- 
ide, and  may  be  considered  as  formed  by  replacing  one  hydrogen  atom 
of  ethane  (CgHg)  by  one  hydroxyl  group  (OH).  Again,  alcohols  are 
analogous  to  metallic  hydroxides,  in  which  the  metal  is  replaced  by  a 

radical,  thus — 

'  C2H5 .  OH  NaOH 

Ethyl  Hydroxide  Sodium  Hydroxide 

Alcohols  and  metallic  hydroxides  have  some  properties  in  common. 
Thus,  both  form  salts  with  acids.  With  acetic  acid,  sodium  hydroxide 
forms  sodium  acetate,  while  alcohol  forms  ethyl  acetate  (see  Ethereal 
Salts). 

Methyl  Alcohol,  CH3 .  OH,  is  a  colorless  or  slightly 
yellowish  liquid,  much  like  ordinary  alcohol.  It  boils  at 
about  66°  C,  and  burns  with  a  pale  flame  which  de- 
posits no  soot.  It  intoxicates,  and  if  concentrated  is 
poisonous.  It  mixes  with  water  in  all  proportions.  It  is 
cheaper  than  ethyl  alcohol,  and  is  used  as  a  solvent  for 
fats,  oils,  and  shellac,  and  in  the  manufacture  of  varnishes 
and  dyestuffs.  Methyl  alcohol  is  often  called  wood  alco- 
hol or  wood  spirit,  because  it  is  one  of  the  liquid  products 
obtained  by  the  dry  distillation  of  wood  (see  Charcoal). 

Ethyl  Alcohol,  CgHg.  OH,  is  a  colorless,  volatile  liquid, 
having  a  burning  taste  and  a  pleasant  odor.  It  is  lighter 
than  water,  its  specific  gravity  being  about  0.8.  It  boils 
at  78.3°  C,  and  does  not  freeze  until  at  —  130.5°  C.  Be- 
cause of  its  very  low  freezing   point,  it  is  used  in  ther- 

^  The  names  of  these  and  similar  radicals  are  derived  from  the  correspond- 
ing hydrocarbon.  Thus,  the  word  methyl  comes  from  methane^  ethyl  from 
ethane,  propyl  from  propane. 
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mometers  designed  to  record  temperatures  below  —40^0 
(the  freezing  point  of  mercury),  as  in  polar  exploratkms. 
Its  harmful  effect  on  the  human  system  need  not  be  dis- 
cussed. Alcohol  mixes  with  water  in  all  proportions. 
The  ordinary  commercial  variety  contains  from  50  to  9S 
per  cent  of  alcohol.  Pure  or  absolute  alcobol  is  obtained 
by  removing  the  remaining  water  with  lime.  Proof  spiiit 
contains  about  50  per  cent  of  alcohoL  Denatured  alCObol 
is  a  mixture  of  100  parts  ethyl  alcohol,  10  parts  methyl 
alcohol,  and  a  small  proportion  of  benzine,  or  pyridiae 
(or  a  similar  mixture);  it  is  not  taxed,  and  in  its  legalized 
forms  is  used  as  a  cheap  substitute  for  ordinary  alcobc^ 
Alcohol  is  an  excellent  solvent  for  gums,  oils,  atid  resins, 
and  is  therefore  extensively  used  in  the  manufacture  of  var- 
nishes, essences,  extracts,  tinctures,  perfumes,  and  medicines. 
It  is  also  used  as  an  antiseptic,  and  as  a  source  of  heat  in 
alcohol  lamps.  Many  organic  compounds,  as  ether  and 
chloroform,  are  prepared  from  alcohol.  Some  vinegar  is 
made  from  alcohol.  In  museums  alcohol  is  used  to  preserve 
specimens.  Alcohol  may  be  prepared  from  ethane  (see  be- 
low), but  it  is  manufactured  by  the  fermentation  of  sugars. 
Fennentatioa  is  a  general  term  for  the  chemical  changes 
caused  by  ferments.  The  latter  are  usually  minute  living 
bodies,  and  they  secrete  complex  compounds 
which  are  called  enzjrmes.  The  process  and 
"  essential  products  \*ary  with  the  nature  of  lt>c 
ferment.  The  important  kinds  of  fennentt- 
tion  are  alcohoUc,  acetic,  and  lactic,  and  the 
respective  products  are  alcohol,  acetic  acid, 
and  lactic  acid.  Alcoholic  fermentatioii  is 
caused  by  an  enzyme  from  yeast.  L'nderthe 
microscope,  yeast  looks  like  sUmy  yellow  chains  of  smaB, 
round  cells  (Fig.  77).     When  yeast  is  added  to  a  solutioD 
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of  glucose,  or  any  other  fermentable  sugar,  the  yeast 
plants  multiply  rapidly.  Air  must  be  admitted,  and  the 
temperature  should  be  20**-30°  C.  The  changes  are 
numerous  and  complex,  but  the  main  products  are  alcohol 
and  carbon  dioxide,  thus  — 

CeHiaOe         =         2C2HeO       +  2CO2 

Glucose  Alcohol  Carbon  Dioxide 

The  fermentation  ceases  as  soon  as  the  liquid  contains 
about  14  per  cent  of  alcohol.  The  solution  is  filtered  and 
concentrated  by  distillation,  until  the  distillate  contains  the 
desired  per  cent  of  alcohol.  Commercial  alcohol  is  made 
also  from  potatoes,  grains,  rice,  beet  root,  molasses,  and 
many  other  substances  rich  in  sugar  and  starch.  Ordinary 
or  cane  sugar  must  be  boiled  with  acid  before  it  will 
ferment. 

Wines,  beers,  and  all  alcoholic  liquors  are  prepared  by 
fermentation.  Yeast  is  seldom  added,  however,  because 
the  ferment  which  brings  about  the  change  is  in  the  air, 
upon  fruits  and  vines.  Wines  are  made  from  the  juice  of 
grapes ;  beer  is  made  from  hops  and  malt  (barley  which 
has  sprouted).  Whisky,  gin,  brandy,  rum,  and  cordials 
are  called  distilled  liquors,  and  are  manufactured  by  dis- 
tilling  the  liquid  obtained  by  fermenting  grains,  molasses, 
fruit  juices,  and  other  substances  containing  sugar  and 
starches.  Hence,  wine,  beer,  and  similar  liquors  are  essen- 
tially mixtures  of  alcohol  and  water.  They  differ  mainly 
in  their  proportion  of  alcohol.  The  particular  flavor  is  due 
to  small  quantities  of  different  substances  which  are  inten- 
tionally added,  obtained  from  the  raw  materials,  or  formed 
by  special  processes  of  manufacture.  Coloring  matter  is 
usually  added,  but  sometimes  it  is  extracted  from  the  casks 
Ui  which  the  liquor  is  stored.     Beer  contains  from  3  to  7 
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per  cent  of  alcohol,  wines  from  6  to  20,  rum,  brandy,  aJ"' 
whisky  from  40  to  60  or  more  per  cent. 

ALDEHYDES. 

Aldehydes  are  compounds  of  carbon,  hydrogen,  and  oiy 
gen.  They  are  formed  by  the  oxidation  of  alcohols.  The 
two  important  members  of  this  group  are  acetic  aldehyde 
(or  acetaldehyde)  and  formic  aldehyde  (or  formaldehyde). 

Acetic  Aldehyde,  CH,, .  CHO,  is  usually  called  simply  aldehyde.  It 
is  a  colorless,  very  volatile  liquid,  2nd  lias  a  peailiar,  suifocating  odor. 
It  is  a  vigorous  reducing  agent,  and  is  sometimes  used  to  precipime 
silver,  as  a  thin  coating,  from  silver  solutions.  It  is  converted  by  oa- 
dizing  agents  into  acetic  add  (hence  its  name,  acetic  aldehyde).  Alde- 
hyde is  prepared  by  oxidizing  alcohol  with  a  solution  of  potassium  (or 
sodium)  dichromate  and  sulphuric  acid.  When  a  mixture  of  these  ihiee 
substances  is  gendy  wanned,  the  characteristic  odor  of  aldehyde  maybe 
detected.  The  oxidation  of  alcohol  consists  simply  in  the  removal  of 
hydrogen,  thus  — 

CjH,  -OH     +     O     =     CHj .  CHO     +     H,0 
Alcohol  Aldehyde 

The  word  aldehyde  emphasizes  this  fact,  being  a  contraction  of  flW"^ 
dehy  dro^e  a  alum . 

When  chlorine  is  used  to  o.iidize  alcohol,  part  of  the  hydrogen  is 
replaced  by  chlorine,  and  the  compound  CCl, .  CHO  is  fonned.  Tfiis 
substance,  called  chloral,  forms  a  hydrate  (CCl, .  CHO  .  H,0),  which  is 
used  to  induce  sleep  and  relieve  pain.  When  chloral  is  treated  with  m 
alkali,  it  is  decomposed  and  chloroform  (CHClj)  a  produced.  The 
latter  is  3  sweet  liquid,  and  is  used  to  produce  insensibility  in  sui^iol 
operations.  Chloroform  is  usually  made  by  trearing  alcohol  with  bleach- 
ing powder.  Iodoform  (CHI3),  v.htch  is  analogous  to  chlorofonn,  is* 
yellow  solid,  with  a  disagreeable  smell,  and  is  extensively  used  x  t 
dressing  for  wounds.     It  protects  the  wound  from  the  harmful  action  <rf 

Formaldehyde,  H  .  CHO,  is  a  gas,  but  is  used  only  in 
solution.    It  has  a  penetrating  odor.    The  commercial  sol* 
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'^  sold  as  formalin  contains  40  per  cent  of  formaldehyde. 
Corresponds  to  methane  and  methyl  alcohol,  thus  — 

H  H  H 

I  I  I 

H-C-H  H-C-O-H  C  =  0 

I  II 

H  H  H 

Methane  Methyl  Alcohol        Formaldehyde 

th  oxygen  it  forms  formic  acid  (hence  its  name,  see 
ow).  Large  quantities  of  formaldehyde  Ure  used  in  the 
nuf acture  of  dyestuffs  and  fuming  nitric  acid,  as  a  food 
servative,  and  a  disinfectant.  When  used  for  the  last 
•pose,  the  solution  is  vaporized  in  a  special  apparatus, 
I  the  vapors  are  conducted  by  a  small  tube  into  the  room 
be  disinfected.  It  is  one  of  the  most  convenient  and 
cient  of  all  disinfectants,  and  is  very  generally  used. 

ETHERS. 

Sthers  are  compounds  of  carbon,  hydrogen,  and  oxygen, 
ey  are  analogous  to  the  metallic  oxides.  They  are 
med  by  heating  alcohols  with  sulphuric  acid.  Ordinary 
ethyl  ether  is  the  best  known  member  of  this  group. 

Sthyl  Ether,  C4H1QO,  is  a  colorless,  volatile  liquid,  with 
peculiar,  pleasing  taste  and  odor.  It  is  lighter  than 
ter,  its  specific  gravity  being  about  0.74.  It  boils  at 
'  C,  and  the  vapor  is  very  inflammable.  The  liquid 
)uld  never  be  brought  near  a  flame.  It  is  somewhat 
uble  in  water,  and  it  also  dissolves  water  to  a  slight 
ent.  It  mixes  with  alcohol  in  all  proportions.  It  is  a 
)d  solvent  for  waxes,  fats,  oils,  and  other  organic  com- 
mds.  Its  chief  use  is  as  an  anaesthetic,  i.e.  to  render  one 
ensible  to  pain  in  surgical  operations. 
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Ether  is  manufactured  by  distilling  a  mixture  of  ethyl  alcohol  and 
sulphuric  add  in  the  proper  proportions.  Hence,  the  names^ — etfyl 
or  sulphuric  ether.    Ethylsulphuric  acid  is  first  produced,  thus  — 

C2H5.OH     +  H2SO4  =  HC2H4SO4         +     H,0 

Alcohol  Sulphuric  Acid  Ethylsulphuric  Add 

When  more  alcohol  and  the  ethylsulphuric  acid  are  heated  togethet 
ether  is  formed,  and  sulphuric  acid  is  reproduced,  thus,  — 

HC2H5SO,  +  C2H5 .  OH  =  {C^i}f>  +  H2SO4 

Ether 

The  process  is  thus  continuous,  a  small  quantity  of  sulphuric  add  serv- 
ing to  transform  a  large  quantity  of  alcohol  into  ether.  Ethyl  ether  is 
ethyl  oxide,  (C3H^)20  or  CjH^ .  O .  C3H5. 

ACIDS. 

Organic  Acids  are  compounds  of  carbon,  hydrogen,  and 
oxygen.  It  is  a  large  class  of  compounds  divided  into 
several  series,  one  of  the  most  important  of  which  is  the 
acetic  or  fatty  series.  Its  best  known  member  is  acetic 
acid ;  several  of  the  higher  members  occur  in  fats  and  oils. 

These  acids  are  closely  related  to  hydrocarbons,  alcohols,  and  alde- 
hydes, as  may  be  seen  by  the  following  formulas :  — 

H  H  H 

H-C-H  H-C-(OH)  C=0         O=C-(0H) 

II  II 

H-C-H  H-C-H  H-C-H        H-C-H 

i  I  II 

H  H  H  H 

Ethane  Ethyl  Alcohol  Acetic  Aldehyde      Acetic  Add 

It  is  thus  possible  to  pass  from  a  hydrocarbon  through  a  correspond* 
ing  alcohol  and  aldehyde  to  an  acid. 

The  characteristic  group  of  atoms  in  organic  adds  is  COOH  (ol 
O  =  C  —  O  —  H),  and  is  called  carboxyl. 


Some  Common  Organic  Compounds.       415 

Acetic  Acid,  CaH^Oa  or  CHg.COOH.— This  is  the 
lost  common  organic  acid.  It  is  manufactured  on  a  large 
zale  by  the  dry  distillation  of  wood.  The  dark  red 
ratery  distillate,  which  is  called  pyroligneous  acid,  con- 
ains  about  10  per  cent  of  acetic  acid  besides  a  small  per 
:ent  of  methyl  alcohol  and  many  other  organic  compounds. 
This  distillate  is  neutralized  with  lime  or  sodium  carbonate, 
ind  the  acetate  formed  is  then  decomposed  and  distilled 
vith  hydrochloric  or  sulphuric  acid.  The  acetic  acid  which 
:ondenses  in  the  receiver  may  be  further  purified  by  dis- 
illing  it  with  potassium  dichromate  and  then  filtering 
teough  charcoal.  Sometimes  the  pyroligneous  acid  is 
iistilled  without  neutralizing ;  the  distillate  is  then  dilute, 
^pure  acetic  acid,  known  as  wood  vinegar.  If  sodium 
^etate,  prepared  as  described  above,  is  fused  and  then 
distilled  with  concentrated  sulphuric  acid,  the  product  is 
^  Very  concentrated  acetic  acid.  It  is  called  glacial  acetic 
^Cld,  because  at  about  1 7°  C.  it  becomes  an  icelike  solid. 

Commercial  acetic  acid  is  a  water  solution  containing 
••bout  30  per  cent  of  pure  acetic  acid.  It  is  a  colorless 
^uid,  having  a  pleasant  odor  and  a  sharp  taste.  It  is 
^lightly  heavier  than  water.  It  mixes  with  water  and  alco- 
hol in  all  proportions,  and  like  alcohol  is  an  excellent 
solvent  for  many  organic  substances.  Recently,  it  has 
^egun  to  replace  alcohol  as  a  solvent  for  many  drugs. 

Acetic  acid  is  used  to  prepare  acetates,  dyestuffs  and 
►ther  organic  compounds,  medicines,  white  lead,  and  in 
he  manufacture  of  vinegar. 

Vinegar  is  dilute,  impure  acetic  acid.  It  is  prepared  by 
ridizing  dilute  alcohol,  the  essential  change  being  repre* 
mted  thus  — 

CgHeO     +     02     =     C2H4O2     +     H2O 
Alcohol  Oxygen         Acetic  Acid  Water 
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The  transformation  is  accomplished  by  fermeDtadon. 
Two  processes  are  used,  (i)  When  beer,  weak  wines,  or 
cider  are  exposed  to  the  air,  they  slowly  become  sour, 
owing  to  the  conversion  of  alcohol  into  acetic  acid.  The 
change  is  caused  by  the  presence  and  activity  of  a  fermen^ 
known  as  mycodenna  aceti,  or  "  mother  of  vinegar."  Strong 
wines  and  pure  dilute  alcohol  do  not  become  sour,  because 
the  ferment  cannot  live  in  such  liquids.  (2)  Inthe"quick 
vinegar  process,"  impure  dilute  alcohol  is  oxidized  by  ei- 
posing  it  to  an  excess  of  air.     The  operation  is  conducted 

in  tall  vats  or  casks  filled  with 

beech  wood  shavings  soaked 
in  strong  vinegar  (Fig.  1%\ 
Holes  at  the  bottom  and  top 
allow  air  to  enter  and  escape 
freely.  The  alcoholic  solu- 
tion is  introduced  at  the  Wpi 
trickles  through  the  shavings, 
and  collects  at  the  bottom. 
Ill  its  passage  it  comes  in 
contact  with  the  ferment  and 
FTC.  7S.-Appi.™tus  fbr  the  prep-  ox>-gen,  and  is  partially  con- 
■lation  of  viTwgsi  from  impan,  diiuie  verted  into  vinegar.  The 
operatioo  is  repeated  until 
tbe  change  is  complete.  Thus  prepared,  the  vinegar 
lacks  the  flavor,  odor,  and  color  of  cider  vinegar,  but  these 
deficiencies  are  often  artificially  supplied. 

Vinegar  is  used  chieflv  as  a  condiment  for  the  table  and 
in  making  pickles  and  similar  relishes. 

The  TOtxstitiition  of  acetic  add  has  been  shown  to  correspond  to  IM 
^trmula  CH, .  COOH.  Its  mefsllic  salts  arc  formed  bj-  substiloling  » 
ntctalllc  atom  (or  groupl  for  the  hj-ilnjgeii  of  tbe  group  COOH.  T1« 
ntdlo]  CH,  remains  unchanged.     (See  page  170.) 
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Acetates.  —  Acetic  acid  is  a  monobasic  acid,  and  forms 
a  series  of  salts  —  the  acetates.  They  are  prepared  like 
other  salts  by  the  interaction  of  the  acid  and  carbonates, 
hydroxides,  metals,  etc.  The  metallic  acetates  are  usually 
crystallized  solids,  which  readily  yield  acetic  acid  when 
treated  with  sulphuric  or  a  similar  acid.  Most  of  them 
contain  water  of  crystallization,  and  most  are  poisonous. 

Several    acetates    have    useful    applications.      Sodium    acetate, 
NaCjHgOg .  3  H2O,  is  a  white   crystallized  solid,  used   in   preparing 
pure  acetic  acid,  and  in  the  manufacture  of  dyestuifs.    Lead  acetate, 
Pb(C2H302)2>  is  a  white  crystallized  solid,  used  in  dyeing  and  in  mak- 
ing a  yellow  pigment.     Its  sweet  taste  led  to  the  common  name  of 
"sugar  of  lead."    Aluminium  acetate,  Al (0311302)3,  is  not  known  in 
the  pure  state,  but  an  impure  solution,  known  as  "  red  liquor,"  is  exten- 
sively used  in  dyeing  and  calico  printing.    Iron  acetates  are  sold  in 
solution  as  a  complex  black  liquid,  known  as  "  iron  liquor,"  which  is 
Used  in   dyeing  black  silks  and  cottons,  and  in  calico  printing  (s^e 
Mordants).    A  complex  copper  acetate,  2  Cu(C2H302)2  +  CuO,  called 
Verdigris,  is  used  in  making  blue  paint.    Another  complex  acetate  of 
Copper  and  arsenic  is  Paris  green ;  it  is  used  to  kill  potato  bugs  and 
^ther  insects  which  injure  vegetation. 

A  few  other  acids  in  this  series  are  interesting.  Butyric  4cid 
C4H8O2,  is  the  acid  which  gives  the  disagreeable  odor  to  rancid  butter. 
Stearic  acid,  CifiHggOa,  and  Palmitic  acid,  CigHggOg,  are  found  as 
-ompounds  in  beef  suet,  mutton  fat,  butter,  and  other  fats.  Palmitic 
^cid  is  also  one  of  the  essential  compounds  found  in  palm  oil.  These 
-Wo  acids  are  white  solids,  and  are  used  to  make  stearin  candles  (see 
^ats,  below). 

Other  Organic  Acids  which  are  important  are  oxalic, 
actic,  malic,  tartaric,  and  citric. 

Oxalic  Acid  occurs  as  a  salt  in  rhubarb  and  sorrel.  It 
s  manufactured  on  a  large  scale  by  heating  sawdust  with 
Potassium  hydroxide,  and  treating  the  residue  first  with 
ime  and  then  with  sulphuric  acid.  Oxalic  acid  is  a  white 
olid,  very  soluble  in  water,  from  which  it  crystallizes  with 
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two  molecules  of  water  of  crystallization  iC^H^O^ .  2  H,0), 
It  is  very  poisonous.  It  is  dibasic  and  forms  several  use- 
ful salts.  The  acid  and  some  of  its  salts  decompose  iron 
rust  and  inks  containing  iron,  and  are  often  used  to  remove 
such  stains  from  cloth.  The  acid  and  its  salts  are  also 
used  in  dyeing,  cahco  printing,  photography,  in  making 
dyestuffs,  and  as  an  ingredient  of  mixtures  for  cleaning 
brass  and  copper. 

Lactic  Acid,  CgHgOg,  occurs  in  sour  milk,  being  one 
product  of  the  fermentation  of  the  milk  sugar.  It  is  a 
thick,  sour  liquid,  and  is  easily  decomposed  by  heat 
When  sour  milk  is  used  in  cooking,  the  "baking  soda" 
and  lactic  acid  interact,  producing  soluble  sodium  lactate 
and  carbon  dioxide  gas.  Lactic  acid  and  its  salts  are  used 
as  medicines,  in  beverages,  and  as  a  substitute  for  mote 
expensive  acids  in  dyeing  and  calico  printing. 

Halle  acid,  C^H^O,.  is  found  free  and  as  salts  io  apples,  pears,  cur- 
rants, gonseberries,  rhubarb,  grapes,  and  berries  of  the  mountain  uh 
tree.     It  is  a  white,  crystalline  solid. 

Tartaric  Acid,  C^HaOg,  occurs  as  the  potassium  salt  in 
grapes  and  other  fruits.  During  the  fermentation  of  grape 
juice,  impure  acid  potassium  tartrate  is  deposited  in  the 
casks.  From  this  argol  or  crude  tartar  the  acid  itself 
is  prepared  by  treating  the  raw  product  successively  with 
chalk  and  sulphuric  acid.  Tartaric  acid  is  a  white  crystal- 
lized solid,  soluble  in  water  and  alcohol.  It  is  used  in  dye- 
ing, and  as  one  ingredient  of  Seidlitz  powders.  In  these 
and  similar  powders  it  serves  to  decompose  the  other  in- 
gredient which  is  a  carbonate  {see  Sodium  Bicarbonate). 

Tartaric  acid  is  dibasic  and  forms  two  classes  of  satis.  PuriSed 
add  potassium  tartrate  obtaiaed  from  argol  is  commonly  koowit  ** 
cream  of  tartar.  It  b  extensively  used  in  the  nunuiactiirc  of  taking 
powders.    These,  as  a  rate,  are  essentially  nuEtures  of  cream  of  OrOr 
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md  sodium  bicarbonate,  HNaCOg.  When  moistened  by  dough,  the 
i>aking  powder  dissolves,  the  two  ingredients  interact  and  liberate  car- 
bon dioxide  as  the  main  product.  This  gas  bubbles  slowly  through 
the  dough,  thereby  puffing  it  up  and  making  it  porous  (see  Sodium 
Bicarbonate).  Tartar  emetic  is  a  tartrate  of  potassium  and  antimony. 
It  is  used  as  a  medicine  and  to  some  extent  in  dyeing. 

Citric  Acid,  CgHgO^,  occurs  abundantly  in  lemons  and  oranges,  and 
in  small  quantities  in  currants,  gooseberries,  and  raspberries.  It  is  a 
white,  crystallized  solid,  very  soluble  in  water.  The  taste  is  sour,  but 
pleasant.  The  acid  and  its  magnesium  salt  are  used  as  medicines.  The 
add  itself  is  used  in  calico  printing.    Citric  r-  id  is  tribasic. 

ETHEREAL    SALTS. 

Ethereal  Salts  or  Esters  are  compounds  of  carbon,  hy- 
drogen, and  oxygen  closely  related  to  alcohols  and  organic 
acids.     Thus,  when  ethyl  alcohol,  acetic  acid,  and  concen- 
.trated  sulphuric  acid  are  mixed  and  warmed,  ethyl  acetate 
is  formed.     The  essential  change  is  represented  thus  — 

CaHg.OH  +CH8.C00H   =  CHg-COOCaHg-f  HgO 

Ethyl  Alcohol  Acetic  Add  Ethyl  Acetate  Water 

The  sulphuric  acid  serves  to  absorb  the  water.  Ethyl 
Eicetate  has  a  pleasant,  fruitlike  odor,  and  its  formation  in 
this  way  is  a  simple  test  for  alcohol  or  acetic  acid.  Ethyl 
icetate  is  analogous  to  sodium  acetate,  i.e,  the  organic  salt 
>ontains  the  radical  ethyl  while  the  metallic  salt  con- 
-ains  sodium.  The  fatty  acids,  as  well  as  those  of  other 
^ries,  form  many  ethereal  salts  of  special  interest.  Some 
>ccur  naturally  In  fruits  and  flowers,  and  in  many  cases 
tive  the  flavor  and  fragrance.  Others  are  prepared  artifi- 
cially and  used  as  the  basis  of  cheap  flavoring  extracts, 
ierfumery,  and  beverages.  Ethyl  butyrate  has  the  taste 
md  fragrance  of  pineapples,  amyl  acetate  of  bananas, 
imyl  valerate  of  apples. 
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FATS,    GLYCERINE,    AND    SOAP. 
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General  Relations.  —  Natural  fats  and  oils  are  essentially 
mixtures  of  stearin,  palmitin,  andolein.  Beef  and  muttonfat 
are  chiefly  stearin,  lard  is  mainly  palmitin  and  olein;  while 
oils,  such  as  olive  oil,  are  largely  olein.  Stearin  and  pal- 
mitin are  solids  at  tiie  ordinary  temperature,  but  olein  is  a 
liquid.  These  three  compounds  —  stearin,  palmitin,  and 
olein  —  are  ethereal  salts  of  their  corresponding  acids  and 
the  alcohol,  glycerine.  They  are  analogous  to  ethyl  acetate. 
The  radical  of  glycerine  is  glyceryl,  CgHg.  Thus,  stearin 
is  glyceryl  stearatc,  palmitin  is  glyceryl  palmitate,  and 
olein  is  glyceryl  oleate.  Natural  fats  and  oils,  therefore, 
are  mixtures  of  these  and  similar  ethereal  salts.  Fats  are 
sometimes  called  glycerides.  Glycerine  is  a  triacid  alcohol 
containing  three  hydroxyl  (OH)  groups.  Like  ordinaiy 
alcohol,  it  interacts  with  the  fatty  acids  and  forms  ethereal 
salts.  The  latter,  as  we  have  just  learned,  are  the  faB. 
Now  when  fats  are  heated  with  very  hot  steam  or  with  sul- 
phuric acid,  the  fats  themselves  are  changed  into  glycerine 
and  the  corresponding  acids.  Thus,  with  stearin,  the 
change  is  — 
(C„H,,-CO,)AHi  +  3H,0  =  C,H,fOII),,  +  3C„H„.C00H 
Stearin  Glycerine  Stearic  Add 

But  if  fats  are  boiled  with  sodium  hydroxide  or  a  anii' 
lar  alkali,  glycerine  and  an  alkaline  salt  of  the  correspond- 
ing acid  are  formed.  Soap  is  a  mixture  of  such  alkaline 
salts.  In  a  few  words,  the  general  relations  are  these; 
(i)  fats  are  ethereal  salts.  (2)  Treated  with  steam  or acidi 
fats  form  glycerine  and  fatty  acids.  {3)  Treated  with  alka- 
lies, fats  form  glycerine  and  soap, 

Natural  Fats  and  Oils  are  often  complicated  mixtures. 
The  solid  fats,  as  already  stated,  are  rich  in  stearin  ixA 
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tin.  Tallow  is  chiefly  stearin,  but  human  fat  and 
oil  are  largely  palmitin.  The  soft  and  liquid  fats  and 
Dntain  considerable  olein,  as  a  rule.  The  proportion 
5in  determines  the  consistency  of  the  fats  and  oils. 
,  olive  oil  contains  about  72  per  cent  of  olein  (and  a 
X  fat)  and  28  per  cent  of  stearin  and  palmitin.  The 
ic  character  of  many  fats  and  oils  is  due  mainly  to 
resence  of  a  small  proportion  of  certain  fats.  These 
orrespond  to  uncommon  acids  in  the  fatty,  oleic,  and 
series.  Butter,  for  example,  consists  mainly  of  the 
orresponding  to  the  following  acids :  palmitic,  stearic, 
butyric,  capric,  and  caproic.  The  last  three  with 
J  of  other  substances  give  butter  its  pleasant  flavor. 
largarine  and  other  substitutes  for  butter  resemble 
jutter  very  closely  in  composition.  Artificial  butter, 
ver,  lacks  the  flavor  of  the  real  butter,  but  it  is  "  prob- 
ust  as  nutritious,  although  perhaps  not  quite  so  easily 
ted."  The  lack  of  flavor  noticed  in  artificial  butter  is 
3  the  absence  of  the  fats  corresponding  to  the  acids 
V  molecular  weight.  Cottolene  is  a  mixture  of  beef 
id  cotton-seed  oil ;  it  is  used  as  a  substitute  for  lard. 

rcerine  (CgHgOg  or  €3115.(011)3)18  a  thick,  sweet 
.  It  mixes  readily  with  water  and  with  alcohol  in  all 
>rtions,  and  absorbs  moisture  from  the  air.  Heated 
I  air,  it  decomposes  and  gives  off  irritating  gases,  like 
produced  by  burning  fat. 

^cerine  is  used  to  make  nitroglycerine  (see  below), 
soaps,  printers'  ink  rolls ;  it  is  also  used  as  a  solvent, 
•icator,  a  preservative  for  tobacco  and  certain  foods, 
setening  substance  in  certain  liquors,  preserves,  and 
•" ;  as  a  cosmetic ;  and,  owing  to  its  non-volatile  and 
rying  properties,  it  is  used  as  an  ingredient  of  inks 
)ils. 


I 
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Glycerine  is  a,  by-product  in  tht;  manufacture  of  soap,  or  it  is  BbV 
directly  by  decomposing  fets  with  steam  under  pressure  or  with  liiae- 
Ali  these  methods  involve  the  chemical  change  described  above,  m- 
the  decamposition  of  an  ethereal  salt  (the  fat)  into  the  correspoading 
alcohol  tglycerine)  and  a  mixture  of  fatty  acids.  By  skillful  trealmenl 
the  glycerine  is  freed  from  water  and  irapurides.  The  mixture  of  fell)' 
acids  is  made  into  the  so-called  "stearin"  candles. 

As  already  stated,  glycerine  is  an  alcohol,  and  for  this  reason  il  is 
often  called  glycerol  When  treated  with  a  mixture  of  coacentratd 
nitric  and  sulphuric  acids,  it  forms  an  ethereal  salt  commonly  known  !s 
nitroglycerine  tCaHj(ONOj)3).  This  is  a  yellow,  heavy,  oily  liquid. 
It  is  the  well-known  explosive,  and  is  also  an  ingredient  of  some  Wlw 
explosives.  When  kindled  by  a  flame,  it  burns  without  explosion;  Iwt 
if  struck  by  a  hammer  or  heated  suddenly  by  a  percussion  cap,  it  M- 
plodes  violently.  Nitroglycerine  is  used  in  blasting ;  but  since  it  iadsB- 
gerous  to  handle  and  transport,  il  is  usually  mixed  with  some  potans 
substance,  such  as  infusorial  earth,  tine  sand,  or  even  sawdust.  In  t^i" 
form  it  is  called  dynamite. 

Soap,  as  already  stated,  is  a  mixture  of  alkaline  salts  of 
organic  acids,  mainly  stearic  and  palmitic  acids.  Soap  is 
made  by  boiling  fats  with  sodium  hydroxide  or  potassium 
hydroxide.  This  process  is  called  saponification.  Sodium 
hydroxide  produces  hard  soap,  consisting  chiefly  of  sodium 
palmitate,  sodium  stearate,  and  sodium  oteate.  Potassium 
hydroxide  produces  soft  soap,  which  is  mainly  the  com 
spending  potassium  salts.  The  chemical  change,  as  already 
stated,  consists  in  the  transformation  of  an  ethereal  sail 
(fat)  into  glycerine  and  an  alkaline  salt.  In  the  case"! 
pure  stearin  (glyceryl  stearate)  the  change  may  be  repK' 
sented  thus  — 

QHjCCiiHaj.CO,),,  +  3NaOH  =  3  C,;H„ .  COjNa  +    CM'^^^' 
Stearin  Sodium  Sodium  dlycwiM 

Hydroxide  Stearate 

The  fats  used  in  soap  making  vary  with  the  soap.  Tii 
low,  lard,  palm  oil,  and  cocoanut  oii  make  white  soapi 
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k)ne  grease  or  house  grease,  together  with  tallow,  palm 
>il,  cotton-seed  oil,  and  rosin,  make  yellow  soaps.  Olive 
)il  is  used  for  making  castile  soap. 

In  the  cold  process  the  calculated  amounts  of  alkali  and  fat  are  allowed 
to  interact,  first  in  a  large  tank  and  then  in  a  box  called  a  "  frame."  By 
this  process  the  glycerine  and  excess  of  alkali  are  left  in  the  soap.  Most 
soaps  are  made  by  the  boiling  process.  The  fat  and  alkali  are  boiled 
m  a  huge  kettle.  This  operation  produces  a  thick,  frothy  mixture  of 
soap,  glycerine,  and  alkali.  At  the  proper  time,  salt  is  added,  thereby 
causing  the  soap  to  separate  and  rise  to  the  top.  The  liquid  beneath  is 
drawn  off,  and  firom  it  glycerine  is  extracted.  The  soap  is  often  boiled 
again  with  rosin  or  cocoanut  oil ;  then  purified  by  washing,  mixed,  if 
desired,  with  perfiime,  coloring  matter,  or  some  filling  material  (such  as 
sodium  silicate,  sand,  borax),  cooled  in  "frames,"  cut,  and  dried.  Most 
soaps  contain  water.  This  really  assists  their  cleansing  action.  The 
latter  is  believed  to  be  due  to  the  free  alkali  formed  by  the  decomposi- 
^on  of  the  soap  when  dissolved. 

CARBOHYDRATES. 

Carbohydrates  are  compounds  of  carbon,  hydrogen,  and 
>xygen.  This  is  a  large  group,  and  the  most  important 
tiembers  are  the  sugars,  starches,  and  cellulose. 

The  term  carbohydrate  is  applied  to  these  compounds  because  they 
^ntain  hydrogen  and  oxygen  in  the  proportion  to  form  water.  They 
^ere  once  regarded  as  hydrates  of  carbon,  or  carbon  hydrates  —  a  view 
v^bich  is  incorrect  and  misleading. 

Sugars.  —  The  popular  term  sugar  means  almost  any 
»>veet  substance  found  in  fruits,  nuts,  vegetables,  sap  of 
rees,  etc.,  though  it  is  usually  restricted  to  the  ordinary 
Vhite  §ugar  obtained  from  sugar  cane  and  sugar  beet, 
whemically,  there  are  many  sugars,  each  having  a  defi^ 
lite  constitution.  The  most  important  is  ordinary  sugar. 
vhich  is  also  called  cane  sugar,  sucrose,  and  saccharose 
Another  important  sugar  is  glucose. 
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Cane  Sugar,  CuHjjOi,,  is  widely  distributed  in  nafnn^ 
being  found  in  tlie  sugar  cane,  sugar  beet,  sugar  maple, 
Indian  com,  sorghum,  most  sweet  fruits,  many  nuts,  blos- 
soms of  flowers,  and  honey.  The  main  source  of  cane 
sugar  is  the  sugar  cane  and  sugar  beet. 

Saccharose,  or  ordinary  sugar,  is  a  white,  crystallized 
solid.  Rock  candy  is  highly  crystallized  sugar.  It  is  solu- 
ble in  water,  but  only  sparingly  soluble  in  alcohol.  Heated 
to  160"  C,  sugar  melts,  and  on  cooUng  forms  a  pale  yellow 
colored  mass,  called  barley  sugar.  Heated  to  about  3oo°C., 
it  is  changed  into  water  and  a  brown  mass,  called  caramel, 
which  is  used  to  color  liquors,  soups,  etc.  If  sugar  is 
heated  with  sulphuric  acid,  it  is  changed  into  a  black  mass, 
which  is  mainly  carbon ;  several  gases  are  also  produced, 
such  as  steam,  carbon  dioxide,  and  sulphur  dioxide.  Cane 
sugar  does  not  ferment. 

The  manofacture  of  Caae  Sugar  from  sugar  cane  and  sugar  beett 
involves  two  main  operations :  (l)  the  preparation  of  raw  sugar  anJ 
(2)  its  purification  or  refining.  (1)  In  the  preparation  of  raw  supr 
from  sugar  cane  the  juice  is  extracted  from'  the  cane  by  crashing  the 
latter  between  heavy  iron  rollers.  The  liquid  is  then  clarified  as  soon 
as  possible  by  boiling  it  with  a  little  lime,  removing  the  scum  whiii 
contains  much  of  the  impurity,  and  finally  filtering  the  liquid  throiijli 
bags  or  a  filter  press.  The  purified  juice  is  next  evaporated  until  tb( 
cane  sugar  begins  to  cryslallize  from  the  cooled  liquid.  Forraerijlhe 
evaporation  u-as  accomplished  in  an  open  pan,  and  b  now  in  aonc 
tocalilles,  hut  usually  a  vacuum  kettle  is  used.  The  crystals  are  nW 
BepArated  from  the  liquid  by  allowing  the  latter  to  drip  out  or  Wit 
commonly  by  whirling  it  out  in  a  centrifugal  machine.  The  sdW 
product  is  called  rnQscovado.  raw  or  brown  sugar.  The  thick  V^ 
is  the  bmiliar  molasaes.  There  are  several  grades  of  each  prodoct 
Tbe  preparation  of  raw  aogar  from  sugar  beets  resembles  the  ikiU^ 
vsrd  for  sugar  cane.  The  wa.'shed  beels  are  reduced  to  a  pulp,i 
Inlo  slices,  .ind  then  treated  with  water.  The  sugar  dissolves  in  tf* 
wrater.  The  soluliiin  is  cbrified.  ei-aporated,  and  separated  by  pi'" 
ccsiei  niuuh  like  those  applied  to  cane-sugar  solutions-     The  rav 
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can  scarcely  be  distinguished  from  cane  sugar.  The  molasses  is  unfit 
for  table  use,  though  considerable  sugar  is  extracted  from  it  by  means 
of  strontium  hydroxide  (see  Strontium  Hydroxide).  (2)  Raw  sugar  is 
usually  dark  colored,  and  must  be  refined  before  it  is  suitable  for  most 
uses.  The  refining  of  sugar  consists  in  {a)  purification,  and  (d)  recrys- 
tallization.  (a)  The  raw  sugar  is  purified  by  first  dissolving  it  in  huge 
tanks.  Air  is  blown  in  to  agitate  the  heated  solution,  blood  and  other 
substances  are  often  added  to  entangle  the  impurities,  and  lime  is  also 
added  to  precipitate  and  gather  the  impurities  into  a  scum  or  clot. 
The  colored  liquid  is  next  filtered,  first  through  cloth  bags  and  then 
through  animal  charcoal,  from  which  it  drips  as  a  perfectly  clear  liquid, 
(^)  The  filtered  sirup  is  now  evaporated  in  a  large  vacuum  kettle. 
When  a  sample  shows  that  the  evaporation  has  reached  the  proper 
point,  the  liquid  is  run  into  tanks  to  crystallize.  The  crystals  of  sugar 
are  separated  from  the  sirup  by  centrifugal  machines.  The  latter  is 
boiled  again  or  sold  as  sirup  for  the  table.  The  crystals  are  dried  in  a 
heated  tube  called  a  granulator,  so  that  each  grain  will  be  separate. 
Hence  the  name  granulated  sugar.  The  grains  are  sifted  and  packed 
in  barrels  for  the  market. 

Lactose,  or  sugar  of  milk,  has  the  same  formula  as  cane  sugar,  but 
its  constitution  and  properties  differ.  It  is  obtdned  from  milk.  Its 
crystab  are  white,  hard,  gritty,  less  sweet  than  cane  sugar ;  they  con- 
tain one  molecule  of  water  of  crystallization.  Sugar  of  milk  is  used  in 
making  homeopathic  pills  and  certain  kinds  of  foods  for  infants. 

Glucose  is  the  name  of  a  sugar  and  of  a  commercial 
mixture  of  glucose  and  several  related  substances.  Glu- 
cose (dextrose  or  grape  sugar,  CgHjgOg)  is  found  in  many 
sweet  fruits,  especially  in  grapes.  Old  raisins  are  some- 
times coated  with  this  sugar.  It  is  often  associated  with 
levulose  (fructose  or  fruit  sugar)  —  an  isomeric  compound 
(CeHjaOg).  The  two  sugars  are  found,  for  example,  in 
honey  and  in  parts  of  some  plants.  Both  sugars  are 
-formed  from  cane  sugar  by  boiling  it  with  a  dilute  acid. 
The  chemical  change  may  be  represented  thus  — 

CxaHjjOii     +    H2O    =    CgHigOg  +  QHigOg 
Cane  Sugar  Glucose  Fructose 
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Both  glucose  and  fructose  ferment,  forming  alcohol  and 
carbon  dioxide  (see  Alcohol). 

The  commercial  mixture  called  ''glucose"  is  prepared  on  3,  large 
sca.Ie  by  boiling  starch  with  a  dilute  acid,  usually  sulphuric  add.  Tbe 
consistency  and  composition  of  the  product  vary  with  the  details  of 
manufacture.  The  liquid  products  are  called  "glucose"  or  "miring 
sirup,"  while  the  solid  product  is  known  as  "grape  sugar"  or  "dei- 
trose.'"  All  contain  more  or  less  glucose  and  are  about  three  fifths  as 
sweet  as  sugar.  But  since  they  dissolve  Ir.  water,  and  are  cheaper  than 
cane  sugar,  they  are  used  extensively  in  the  manufacture  of  candy,  jelly, 
table  sirups,  etc.  They  are  also  added  to  wines  and  liquors,  certain 
medicines,  and  many  thick  liquids  in  whicli  their  presence  is  harniless. 
In  alkaline  solutions,  glucose  is  a  strong  reducing  agent,  and  is  used  as 
such  in  dyeing  with  indigo.  It  also  reduces  an  alkaline  mixture  of  cop- 
per sulphate,  known  as  Fehling's  soiution.  When  this  solution  Is 
boiled  with  glucose,  a  reddish  copper  compound  (cuprous  oxide)  is 
formed.    The  presence  of  sugar  in  solution  is  often  shown  in  this  way. 

Starch  is  widely  distributed  in  the  vegetable  kingdom. 
It  is  found  in  wheat,  com,  and  all  other  grains,  in  pota- 
toes, beans,  peas,  and  simitar  vegetables,  and  in  large 
quantities  in  rice,  sago,  tapioca,  and  nuts.  Many  parts  of 
plants  contain  starch,  for  exatnple,  the  stalk,  stem,  leaves, 
root,  seed,  and  fruit.  The  food  value  of  vegetables  de- 
pends largely  upon  the  starch  they  contain. 


a^ 


FlO.  79.  — Slarch  grains  (magnified)  — wheat  (lell),  tito  (cetifetj,  com  (nCM). 

Starch  is  a  white  powder,  as  usually  seen.     But  undel 
the  microscope  it  is  found  to  consist  of  a  mass  of  oval 
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rains,  varying  somewhat  with  the  source  (Fig.  79). 
»taxch  is  only  very  slightly  soluble  in  water.  But  if 
eated  with  water,  the  grains  swell  and  burst,  partially 
issolve,  and  form  a  solution  which,  when  cold,  becomes 
he  familiar  starch  paste.  Starch  in  solution  is  turned 
►lue  by  iodine,  and  its  presence  in  many  vegetables  and 
oods  may  be  readily  shown  by  grinding  the  substance  in 
L  mortar  with  warm  water  and  adding  a  drop  of  Iodine 
olution. 

Starch  is  prepared  on  a  large  scale  chiefly  from  com  and  potatoes. 
The  operation  is  mainly  mechanical,  and  consists  in  separating  the 
;tarch  from  the  fatty,  nitrogenous,  and  mineral  matters  in  the  raw 
>roduct.  Immense  quantities  are  consumed  as  food,  in  laundries,  in 
mishing  cloth  and  paper,  in  making  glucose,  and  as  a  paste. 

The  composition  of  starch,  according  to  some  authorities,  corresponds 
;o  the  formula  (C^HiqO^m,  but  its  formula  is  still  being  investigated. 

Dextrin  is  a  sticky  solid  formed  from  starch  by  heating 
it  to  200^-250**  C.  or  by  treating  it  with  dilute  acids.  It 
is  soluble  in  water  and  forms  a  sticky  solution.  Commer- 
cial dextrin  or  British  gum  is  a  mixture  of  dextrin  and 
similar  compounds.  Mucilage  contains  dextrin.  Large 
quantities  are  used  as  the  gum  for  the  backs  of  postage 
stamps,  and  for  sticking  the  colors  to  the  cloth  in  calico 
printing. 

Dextrin  is  sometimes  regarded  as  an  intermediate  product  between 
starch  and  dextrose.  Its  composition,  according  to  some  authorities, 
corresponds  to  the  formula  CjaHgoOjo,  but  the  statement  made  about  the 
composition  of  starch  also  applies  to  dextrin. 

Bread.  —  Wheat  flour  contains  about  70  per  cent  of  starch.  The  re- 
mainder is  chiefly  water  and  gluten  in  nearly  equal  proportions,  though 
small  quantities  of  mineral  matter,  dextrin,  and  other  fermentable  sub- 
stances are  present.  In  making  bread,  flour,  milk  or  water,  and  a  little 
yeast  are  thoroughly  mixed  into  dough,  which  is  put  in  a  warm  place  to 
rise.    Fermentation  begins  at  once.     The  yeast  changes  the  ferment- 
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able  substances  into  alcohol  and  carbon  dioxide.  The  gases,  in  tEjing 
to  escape,  puff  up  the  dough,  which  literally  rises  and  becomes  light  and 
porous.  When  the  dough  is  baked,  the  heat  kills  the  yeast,  and  fa- 
mentation  stops ;  but  the  alcohol,  cartion  dioxide,  and  some  water  escape 
and  puff  up  the  mass  still  more.  The  heat,  however,  soon  hardens  tlie 
starch,  gluten,  etc.,  into  a  firm  but  porous  loaf. 

Cellulose  (CgHjflOa),,  is  widely  distributed  in  the  vegetable 
kingdom.  The  framework  of  all  vegetables  is  cellulose.  Il 
is  thus  analogous  to  the  hones  of  animals.  Wood,  cotton, 
Unen,  and  paper  are  largely  cellulose.  Pure  cellulose  is  a 
white  substance,  insoluble  in  most  liquids,  but  soluble  in  a 
mi-xture  of  ammonia  and  copper  oxide.  Concentrated  sul- 
phuric acid  dissolves  it  slowly ;  and  if  the  solution  is  di- 
luted and  boiled,  the  cellulose  is  changed  into  a  mixture 
of  glucose  and  dextrin.  By  this  operation,  wood  could  be 
made  into  a  sugar  and  then  into  alcohol;  but  the  method 
would  be  too  expensive  to  use  on  a  large  scale. 

Sulphuric  acid  of  a  certain  strength,  if  quickly  and  properly  applied  lo 
paper,  changes  it  into  a  tougher  form  called  paTCbment  paper.  The 
latter  is  often  substituted  for  animal  parchment  {s.g,  sheepskin),  and 
has  a  variety  of  uses. 

Cellulose  has  properties  resembling  those  of  alcohol.  Thus  it  inter- 
acts with  acids  and  forms  ethereal  salts.  With  nitric  acid  it  forms  cellu- 
lose nitrates,  just  as  glycerine  forms  glycerine  nitrates  (see  Nil^oglyc^ 
rine).  The  cellulose  nitrates  are  the  basis  of  emokeleSB  gunpowders. 
One  of  the  cellulose  nitrates  is  gun  cotton.  It  looks  like  ordinary  couon, 
and  may  be  spun,  woven,  and  pressed  into  cakes.  It  bums  with  a  large 
flame  if  nnconiined ;  but  when  ignited  by  a  percussion  cap  or  when 
burned  in  a  confined  space,  gun  cotton  explodes  violently.  It  is  used  m 
blasting.  Other  cellulose  nitrates  are  known.  Their  solution  in  amis- 
ture  of  alcohol  and  ether  is  called  collodion.  When  poured  or  brushed 
upon  a  glass  plate  or  the  skin,  the  solvent  evaporates,  leaving  beliiodi 
thin  film.  It  is  used  in  preparing  certain  photographic  material  and  W 
a  coaling  for  wounds.  The  "new  skin"  liquid  recently  offered  for  nle 
is  mainly  collodion.  It  protects  wounds  from  dusty,  impure  air,  and 
Ihereby  facilitates  the  healing.     A  mi.vture  of  camphor  and  cellulose  it 
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ates  is  called  celluloid.  It  is  easily  molded  into  various  shapes.  The 
hite  celluloid  is  made  into  collar  buttons,  and  the  colored  varieties  are 
lade  into  toilet  articles  and  ornaments.  Celluloid  smells  of  camphor, 
m  be  lighted  with  a  match,  and  burns  freely  with  a  smoky  flame. 

Paper  is  chiefly  cellulose.  Formerly  it  was  made  from 
arious  kinds  of  rags ;  but  now  it  is  made  almost  entirely 
rem  wood,  especially  the  paper  used  for  newspapers  and 
heap  books.  The  best  paper,  such  as  writing  paper,  is 
till  made  from  linen  rags. 

In  making  paper  from  wood,  the  latter  is  reduced  to  a  pulp,  which 
;  washed,  spread  on  a  frame  or  an  endless  wire  gauze,  dried,  and 
ressed.  The  pulp  is  prepared  by  two  processes,  the  mechanical  and 
le  chemical.  Mechanical  pulp  is  made  by  holding  a  stick  of  wood 
gainst  revolving  stone  upon  which  water  constantly  fells.  Chemical 
ulp  is  made  by  heating  chipped  wood  with  caustic  soda,  or  with  cal- 
ium  acid  sulphite  (usually  called  bisulphite).  The  operation  is  con- 
ucted  under  pressure  in  huge  tanks  called  digesters.  Chemical  pulp 
as  longer  and  stronger  fibers  than  mechanical  pulp.  The  two  kinds  of 
ulp  are  often  mixed.  Most  paper  is  loaded,  —  that  is,  clay,  gypsum,  or 
ther  mineral  matter  is  mixed  with  the  pulp  to  give  the  paper  body. 
*aper  intended  for  printing  or  writing  is  sized^  —  that  is,  the  surface  is 
oated  with  gelatine,  rosin,  or  a  similar  substance  to  prevent  the  ink 
rom  spreading.  Many  kinds  are  also  smoothed  by  passing  them 
>etween  heavy  rollers.  Blotting  and  tissue  papers  are  not  sized  or 
3aded. 

BENZENE  AND   ITS   DERIVATIVES. 

Introduction.  — The  hydrocarbon  benzene  was  mentioned 
n  Chapter  XV  as  the  first  member  of  an  homologous  series. 
n  the  same  chapter  coal  tar  was  described  as  a  black, 
:omplex  liquid  obtained  as  a  by-product  in  the  manufacture 
>f  illuminating  gas.  Now,  coal  tar  is  the  chief  source  of 
»enzene  and  some  of  its  related  compounds,  while  from 
»enzene  itself  hundreds  of  derivatives  have  been  prepared. 
iome  are  absolutely  indispensable  to  man,  but  many  have 
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as  yet  merely  scientific  interest.     Only  the  most  important 
benzene  compounds  can  be  described  in  this  book. 

Benzene,  CgHu,  is  a  colorless  liquid,  lighter  than  water, 
and  has  an  odor  suggesting  coal  gas.  It  bums  with  a 
luminous,  smoky  flame,  owing  to  its  richness  in  carbon. 
Ordinary  illuminating  gas  owes  its  luminosity  partly  to 
benzene.  It  dissolves  fats,  resins,  iodine,  sulphur,  and 
rubber.  Benzene  is  sometimes  called  benzol.  It  should 
not  be  confused  with  benzhic,  which  is  a  mixture  of  hydro- 
carbons derived  from  petroleum.  Benzene  is  chiefly  used 
in  preparing  its  derivatives. 

The  Constitution  of  Benzene  has  been  carefully  studied.  Font* 
sons  too  ejdiended  to  state  here,  it  is  believed  that  in  a  molecule  cl 
benzene  the  carbon  atoms  are  arranged  ia  a  ring.  Tbe  structiual  fiv- 
mula  is  often  written  thus  — 

H 


H 

Benzene  forms   many  derivatives.     In  all  of  them  the  six  C 

atoms  remain  as  a  nucleus.  No  carbon  atom  can  be  removed  (romlht 
benzene  molecule  without  producing  complete  decomposition.  Btttfcf 
the  six  hydrogen  atoms,  other  atoms  or  radicals  can  be  substitutei 
Hence,  the  almost  infinite  number  of  derivatives  of  benzene. 

Toluene,  C„H, .  CH.„  is  the  second  member  of  the  benzene  series. 
It  may  be  regarded  as  methyl  benzene :  or  as  phenyl  methane,  that  is, 
methane  (CH,)  in  which  one  hydrogen  atom  Ls  replaced  by  the  radical 
phenyl  (CnHj).  Toluene  is  obtained  from  coal  tar,  and  resemble 
benzene  in  its  properties. 

Nitrobenzene,  CoHj .  NO,,  is  a  yellow  liquid  formed  by  the  inle^ 
action  of  benzene  and  nitric  acid.     It  is  volatile,  and  has  the  odor  o! 
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/'  bitter  almonds.  Although  poisonous,  it  is  used  to  produce  the  flavor 
of  almonds  in  essences  and  perfumery.  It  is  chiefly  used,  however,  in 
the  manufacture  of  aniline. 

Aniline,  CgHg .  NHg,  is  an  oily  liquid,  slightly  heavier 
than  water.  It  is  prepared  on  a  large  scale  by  reducing 
nitrobenzene  with  nascent  hydrogen.  From  aniline  are 
made  many  compounds  known  as  aniline  dyes.  The 
starting  point  of  these  dyes  is  rosaniline,  which  is  pre 
pared  by  oxidizing  a  mixture  of  aniline  and  toluidine 
(CqH4.  CHg.  NHg).  Derivatives  of  rosaniline  produce 
exceedingly  brilliant  colors  in  every  variety  of  shade. 
Vast  dyeing  industries  have  risen  since  the  value  of  coal 
tar  was  discovered  (about  i860). 

Phenol,  CgHg .  OH,  is  a  white  crystalline  solid.  It  has 
a  smoky  odor,  is  poisonous,  and  bums  the  skin.  Coal  tar 
is  the  source  of  phenol.  A  solution  of  phenol  in  water, 
popularly  called  carbolic  acid,  is  used  as  a  disinfectant. 

Derivatiyes  of  Phenol  are  important.  Picric  acid,  or  trinitrophenol 
(QH2(N02)30H),  is  a  yellow  crystalline  solid  used  in  dyeing  silk  yellow. 
Salts  of  picric  acid — the  picrates — are  used  in  making  explosives. 
Related  to  phenol  are  hydroquinone  (0^114(011)2)  and  pyrogallic 
add  (C6H3(OH)3),  which  are  used  extensively  as  developers  in 
photography. 

Acids,  Aldehydes,  and  Ethereal  Salts  of  the  Benzene 
Series. — The  simplest  acid  is  benzoic  acid  (CgHg .  COOH). 
It  occurs  in  certain  balsams  and  gums.  It  is  usually  pre- 
pared from  gum  benzoin,  and  is  a  white  crystalline  solid 
with  a  fragrant  odor.  The  corresponding  aldehyde  (ben- 
zoic aldehyde,  QHg.COH)  is  commonly  called  oil  of 
bitter  almonds.  It  is  a  fragrant  liquid  and  is  used  to 
some  extent  as  a  flavoring  substance.  Salicylic  acid 
(C8H4.  OH.COOH)  is  a  white  crystalline  solid,  which  is 
extensively  used  as  a  food  preservative.     Sodium  salicylate 
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is  a  common  remedy  for  rheumatism.  The  correg ponding 
aldehyde  gives  the  fragrance  to  the  wild  flower  known 
as  meadowsweet;  and  methyl  salycilate  is  the  essential 
ingredient  of  the  checkerberry. 

Naphthalene,  C^oHg,  is  a  white,  lustrous,  crystalline 
solid  obtained  from  coal  tar.  It  has  a  penetrating,  un- 
pleasant odor,  and  is  used  as  a  substitute  for  camphor 
under  the  name  of  "  moth  balls."  Large  quantities  of 
naphthalene  are  used  in  making  dyestuffs. 

Anthracene,  CjjHjo,  is  a  white  crystallized  solid,  and, 
like  naphthalene,  is  obtained  from  coal  tar.  It  is  one  of 
the  most  important  hydrocarbons,  because  from  it  alizarin 
is  made.  Alizarin  is  a  valuable  dyestuff,  not  only  because 
it  produces  brilliant  colors  with  different  mordants,  but 
also  because  most  of  these  colors  are  fast,  that  is,  they 
do  not  fade  like  many  aniline  colors.  The  Turkey  red  so 
common  on  cotton  goods,  is  produced  by  alizarin.  Aliza- 
rin was  formerly  obtained  from  madder  root,  but  now  vast 
quantities  are  artificially  prepared. 

Glucosides  are  substances  occurring  in  many  plants  and  vegetables. 
By  the  action  of  fennents  they  are  changed  into  glucose  and  othw 
substances  that  are  benzene  derivatives.  Amygdalin,  for  examplci  is 
found  in  bitter  almonds,  cherry  and  peach  kernels,  and  laurel  leaves- 
The  ferment  emulsin,  which  also  occurs  in  the  plants,  breaks  up  thf 
amygdalin  into  oil  of  bitter  almonds,  hydrocyanic  acid,  and  glucose. 
Tannin  is  also  a  glucoside.  The  tannins  are  a  group  of  related  con- 
pounds  found  in  the  leaves,  bark,  and  other  parts  of  the  oak,  hemlodt, 
and  pine  trees,  in  sumach,  gallnuts,  tea,  coffee,  and  numerous  pluiUi 
Several  acids  have  been  obtained  from  lannins.  The  best  known  *i* 
gallic  acid  and  tannic  acid :  the  latter  is  also  often  called  simply  Wr- 
and  probably  all  tannins  contain  some  tannic  add.  Tannic  ioA 
changes  into  gallic  acid  according  to  the  following  equation  — 


^_  mn,  ana  pn 

^H  changes  int 


Tannic  Add  Gallic  Add 


_^^g 
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mula  of  gaUic  add  may  be  written  C„Hj  (OH)^ .  COOH,  thus 
wing  its  relation  to  benzene.  Taanio,  in  whatever  form,  produces 
ck  compounds  with  iron  salts.  Its  presence  in  tea,  hemlock  bark, 
.,  may  be  shown  by  the  formation  of  a  black  precipitate  upon  the 
3ition  of  ferrous  sulphate.  This  property  is  utiliied  in  making 
iting  ink,  though  some  kinds  of  ink  are  now  made  from  aniline 
es.  The  tannin  in  oak  and  hemlock  barks  is  used  in  tanning  leather, 
hen  raw  hides  are  soaked  in  solutions  of  tannin,  the  tannic  acid 
tnges  certain  substances  in  the  skin  into  insaiubie  compounds, 
ich  remain  in  the  hide,  thereby  converting  it  into  the  soft  pliable 
m  known  as  leather.  Tannins  are  also  used  as  mordants  in  dyeing 
c,  cotton,  and  linen. 

Alkaloids  are  complex  compounds  obtained  from  plants  and  vegeta- 
■s.  The  chief  property  is  the  power  to  produce  marked  physiological 
^cts  upon  animals.  All  of  them  contain  nitrogen,  and  resemble 
imonia  in  having  an  alkaline  reaction  and  in  uniting  directly  with 
ds  to  form  salts.     Their  commercial  form  is  usually  a  salt.     Many 

■  used  as  medicines  and  drugs,  although  they  are  poisonous,  especially 
;aken  in  large  quantities.  Tbeine  or  cafielne  is  the  alkaloid  obtained 
im  tea  and  coffee.  Nicotine  comes  from  tobacco  and  is  very  poison- 
s.  Cocaine  is  obtained  from  the  coca  plant.  One  of  its  salts  b 
:d  by  surgeons  and  dentists  to  relieve  pain.  Quinine  and  cinchonine 
;  extracted  from  the  bark  of  the  cinchona  tree ;  both  are  used  as  a 
nedy  for  fevers.  Morphine  is  the  chief  alkaloid  found  in  opium.  The 
ter  LS  the  dried  sap  obtained  from  a  certain  part  of  the  unripe  poppy, 
orphine  in  different  forms  is  used  to  relieve  pain  and  induce  sleep, 
le  two  familiar  medicines,  laudanum  and  paregoric,  contain  prepara- 
<iis  of  opium.     Large  doses  of  any  form  of  opium  may  be  tatal. 

■  How  were  organic  and  inorganic  compounds  once  defined  ?  Do 
sy  differ  fundamentally  ?  What  compounds  are  now  included  by  the 
TQ  organic  f 

2.  What  is  the  essential  element  in  organic  compounds  ?  What 
ler  elements  are  often  present  ? 

3.  Give  four  reasons  for  the  vast  number  of  organic  compounds. 

4.  Define  an  organic  radical.     Name  three. 

5.  Define  constitution.  Illustrate  it  by  the  empirical,  rational,  and 
iphic  formulas  of  alcohol. 
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5.   Name  the  nine  important  groups  of  organic  compounds. 

7.  Review  the  general  properties  of  hydrocarbons  (see  Chapter XV). 
Name  four  hydrocarbons. 

8.  Define  3.u  aJcohol.     Discuss  the  constitution  of  alcohols. 

9.  Describe  the  preparation  of  methyl  alcohol.  Stale  its  propenie 
and  uses.    Why  is  it  called  (a)  methyl  alcohol,  and  (b)  wood  alcohol  J 

10.  State  («)  the  properties,  and  (i)  the  uses  of  ethyl  alcohot- 

11.  What  is  (a)  alcohol,  (r^)  ethyl  alcohol,  (f)  absolute  alcohol 
(rf)  methylated  spirit,  (e)  proof  spirit  ? 

12.  What  is  fermentation  ?    What  are  ferments  ? 

13.  Describe  the  preparation  of  alcohol.  Discuss  the  preparalioiii 
composition,  and  properties  of  (a)  wines  and  beers,  and  {i)  disliUcd 
liquors. 

14.  What  are  aldehydes  ?  How  are  they  related  to  alcoht^  and  U 
hydrocarbons  ? 

15.  Describe  the  preparation  and  properties  of  (a)  acetic  a!deb»(!(, 
and  (b)  formic  aldehyde.  State  the  uses  of  the  latter.  What  is  iU 
commercial  name  ? 

16.  What  are  ethers  ?    How  are  they  related  to  alcohols  ? 

17.  Describe  the  preparation,  and  state  the  properties  and  uses  of 
ordinary  ether, 

18.  What  are  organic  acids  ?  Illustrate  (by  acetic  acid)  Iheir  rri«- 
tion  to  hydrocarbons,  alcohols,  and  aldehydes. 

19.  Describe  the  manufacture  of  acetic  acid.  State  (a)  its  piopcttia 
and  (i)  its  uses. 

30,  What  is  (a)  pyroligneous  acid,  (b)  glacial  acetic  acid,  (c)  "nod 
vinegar,  (i/)  commercial  acetic  add  ? 

21.    Discuss  the  composition  of  acetic  add. 

32.  \Vhat  is  vinegar  ?     Describe  its  manu&cture.     State  its  propc- 

33.  What  are  acetates  ?  State  their  general  properties.  Deoih 
four,  and  state  their  uses. 

24.  Name  three  other  acids  (besides  acetic)  in  the  fetty  add  s«riti 
Why  is  this  series  so  called  ? 

25.  Slate  the  occurrence,  properties,  and  uses  of  {a)  oialic  m*1 
(*)  lactic  add,  (c)  tartaric  acid,  (d)  dtric  add.    Where  is  malic»dd 

16.   What  is  (<i)  argol,  (b)  crade  tartar,  (0  creain  of  tartar,  {d)  iv 
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27.  Review  baking  powder  (see  Sodium  Bicarbonate). 

28.  What  are  ethereal  salts  ?  How  are  they  formed  ?  Where  are 
ey  found  ?  Describe  ethyl  acetate.  Name  three  other  ethereal  salts 
id  state  their  properties. 

29.  What  is  the  test  for  (a)  alcohol,  and  (^)  acetic  acid  ? 

30.  State  clearly  the  general  relations  of  fats  to  glycerine  and  soap. 

31.  Name  the  chief  ingredients  of  fats  and  oils.  What  is  {a)  tallow, 
0  butter,  (c)  oleomargarine,  (jd)  stearin  ? 

32.  Describe  the  preparation  of  glycerine.  State  its  properties  and 
les. 

33.  Discuss  the  constitution  of  glycerine.  State  the  properties  and 
ses  of  (a)  nitroglycerine,  and  {b)  dynamite. 

34.  What  is  soap  ?  Describe  its  general  method  of  manufacture, 
^hat  is  the  chemistry  of  its  manufacture  ?  What  fats  and  alkalies  are 
Jed  in  making  soap  ?  Describe  {a)  the  cold  process,  and  {b)  the  boil- 
ig  process  of  soap  making. 

35.  What  are  carbohydrates?  Why  is  thb  term  used?  Name 
iveral  carbohydrates. 

36.  What  are  sugars  ?    Name  several. 

37.  Discuss  the  distribution  of  cane  sugar.  State  its  properties, 
/hat  is  (a)  cane  sugar,  (b)  sucrose,  (c)  saccharose,  {d)  barley  sugar, 
?)  caramel  ?    For  what  is  the  last  used  ? 

38.  Describe  the  preparation  of  raw  sugar  from  (a)  sugar  cane,  and 
5)  sugar  beets. 

39.  Describe  the  refining  of  sugar. 

40.  What  is  (a)  granulated  sugar,  {b)  brown  sugar,  (c)  molasses  ? 

41 .  What  is  the  sugar  of  milk  ?  What  is  its  scientific  name  ?  For 
hat  is  it  used  ? 

42.  What  is  the  formula  of  glucose  ?  What  other  names  has  glu- 
>se  ?  Where  is  glucose  found  ?  What  sugar  is  closely  related  to 
iucose  ?  How  is  glucose  formed  from  cane  sugar  ?  State  the  equation 
ir  the  reaction. 

43.  How  is  commercial  glucose  prepared  ?  What  is  (a)  commercial 
•ape  sugar,  and  (b)  "glucose"  ?  State  the  properties  and  uses  ol 
>mmercial  glucose. 

44.  Describe  the  test  for  sugar. 

45.  X)iscuss  the  distribution  of  starch.  Describe  starch.  State  Ita 
operties.     What  is  the  test  for  starch  ? 

46.  How  is  starch  prepared  ?    State  its  uses. 


6}-  Dcacrfbe  MdKacew.    State  ib^    Wlot  is  aSxarin  ? 
6».  What  m  i^noxida  ?    IKkms  («)1be<«WRnoe.  (*)tlK| 
9hiet,aaa(e)liteme%oftaama.    Wbri  n  U)  infc.  and  («)  katbtfT 
6$.  What  an  aflcaloidi  ?    Mameiix.    What  it  tbeir  diief  prcvetl 


Wliat  b  ibe  weight  of  iwi 


t.   AloriMl  h  o^  a*  twar; 39 
of  alcolwl  ? 

2.  If  10  pn.  of  pure  alcohol  ai«  bomnJ.  what  wei^I  of  each 
I*  formed  ?     (Equation  Is  C^fi  +  3O,  =  2  CO,  +  3  H,0.) 

3.  Calculate  the  percentage  twmpoMtion  of  (a)  alcohol  (C,H^)il! 
Bcelic  atid  (C,U,Or  (f)  cane  sugar  fC,,Hj,0„). 

4.  Calculate  thesimplest  formulas  of  the  sabstanceshavingthei 
poiftlon:  (a)  carbon  =  40,  hydrogen  =  6.67,  oxygen  =  53.33; 
carbon  =  i5.8i  hydrogen  =  5.26,  nitrogeo^ 36.84,  sulphur  =  4i.t 
carboD  =  54.SS1  hydrogen  =  9.09,  ozygen  =  36.36. 
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I.  The  Metric  System.  —  The  fundamental  unit  of  this  system  of 
ights  and  measures  is  the  meter.  It  is  the  unit  of  length,  and  is 
.37  inches  long. 

The  meter  and  the  other  units  have  multiples  and  submultiples, 
lich  are  designated  by  prefixes  attached  to  the  particular  unit.  The 
iltiple  prefixes  are  deca-y  heclo-,  and  ktlo-j  equivalent  respectively  to 
,  100,  and  1000.  The  submultiple  prefixes  are  deci-^  centi-^  and  milli-y 
lich  correspond  respectively  to  o.i,  o.oi,  and  o.ooi. 
The  unit  of  weight  is  the  gram.  It  is  derived  from  the  kilogram, 
dch  is  the  weight  of  a  cubic  decimeter  of  water  at  4°  C.  A  kilogram 
ighs  about  2.2  pounds.  Small  weights  are  expressed  in  terms  of  the 
im.  Thus,  the  weight  of  an  object  weighing  2  grams,  2  centigrams, 
d  5  milligrams  is  2.025  grams. 

The  unit  of  volume  is  the  liter.  It  is  equal  to  the  capacity  of  the 
ssel  containing  a  kilogram  of  water.  A  liter  equals  about  one  quart. 
The  relation  between  the  units,  multiples,  and  submultiples  is  shown 
the  — 

Table  of  the  Metric  System. 


Length. 

Weight. 

Volume. 

Notation. 

Kilometer 

Kilogram 

Kiloliter 

1000. 

Hectometer 

Hectogram 

Hectoliter 

100. 

Decameter 

Decagram 

Decaliter 

10. 

Meter 

Gram 

Lfter 

z. 

Decimeter 

Decigram 

Deciliter 

o.z 

Centimeter 

Centigram 

Centiliter 

0.01 

Millimeter 

Milligram 

Milliliter 

0.00Z 

**rom  this  table  it  is  evident  that  10  milligrams  equal  i  centigram,  10 
Ugrams  equal  i  decigram,  10  decigrams  equal  i  gram,  and  so  on. 
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The  relation  of  the  metric  system  to  weights  and 
mon  use  is  shown  by  the  — 

Table  of  Metric  Equivalents. 


centimeter  =  0-39  inch 
liter  —  0,908  qua.rl  (dr;) 

liter  =  1^56  quart  (liq.) 

gram  =  '543^  grains 

kilogram    -^  a^  pounds  (avoir.) 
metric  ton  r^  aao4  pounds 


mch  =  2.S4 . 

mile  -  1.6  kllon 

cubic  inch  =  16-39  cubEc  cealinKten 

quart  (liq.)  =  09465  liter 

pound  (avoir.)  '=  a.453&  kilogram 

■ounce  (avoir.)  =38.35 grams 

grain  (apoth.)  =  0.0648  gram 


The  passage  from  the  Etiglish  U 
plished  by  utilizing  the  — 


c  system  may  be  accoo- 


Table  of  Metric  Transformation. 


f 


Inches  to  centimetera 
Centlmelers  to  incbes 
Cubic  inches  to  cubic 
Cubic  centimeters  to  cubic  li 
Ounces  to  grams  (avoir.) 

Grains  10  grains     . 


The  customary  abbreviations  of  the  common  denomliiatioDs  are— 

meter,  m,  liter,  1.  cubic  cemSmcKfi  <* 

decimeter,  dm.  kilogram,  leg.  or  Kg.  milllgiam.  mg. 

cenlimeler,  cm.  decigram,  dg.  centigram,  <5. 

The  preferable  abbreviation  for  gram  is  gm.    The  same  abbrevialli" 
is  used  for  singular  and  plural,  g^.  1  m.,  4  gm.,  3  cm.,  50  cc. 
A  convenient  re\alion  (^iiue  oi\\n  W  vtie  case  of  water)  to  1 
=  I  kg.  =  I  cu.  dm.  =  1000  ct.  =  VQCo  ^n.  =  i.i,\a. 
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PROBLEMS. 

[.  What  is  the  abbreviation  of  gram,  centigram,  liter,  meter,  cubic 
itimeter,  centimeter,  decimeter,  milligram  ? 

2.  Express  (a)  i  liter  in  cubic  centimeters,  (Jti)  2  1.  in  cc,  (c)  i  meter 
centimeters,  (d)  250  cm.  in  dm.,  (i)  i  kg.  in  grams,  (/)  250  gnL 
mg. 

3.  Add  2  kg.y  5  dg.,  2  cg.f  4  gm.y  and  7  mg.,  and  express  the  sum  in 
ims. 

4.  How  many  cc.  in  a  liter  ? 

5.  What  is  the  weight  in  grams  of  (a)  i  liter  of  water,  (b)  250  oc^ 
)  500  cc,  {d)  721  cc.  ? 

6.  Express  in  grams  (a)  721  kg.,  (fi)  62  mg.,  (c)  245  eg.,  (d)  84  dg. 
/.  Express  {a)  40  meters  in  inches,  (J?)  25  kilograms  in  pounds, 
)  54  grams  in  ounces,  {d)  72  grams  in  grains,  (/)  75  liters  in  quarts 
q.). 

2.  The  Thermometer  in  sdentific  use  is  the  centigrade.    The  boil- 

\  point  of  water  on  this  thermometer  is  100,  and  the  freezing  point  b 

Tig.  80) .    The  equal  spaces  between  these  points  are  called  degrees. 

le  abbreviation  for  centigrade  is  C,  and  for  degrees 

^    Thus,  the  boiling  point  of  water  is  100°  C. 

igrees  below  zero  are  always  designated  as  minus, 

*.  —12*'  C,  means  12  degrees  below  zero. 

The  thermometer  in  popular  use  is  the  Fahrenheit. 

I  this  instrument  the  boiling  point  of  water  is  212® 

i  the  freezing  point  is  32°  above  zero  (Fig.  80). 

Fo  change  Fahrenheit  degrees  into  the  equivalent 

itigrade  degrees,  subtract   32  and   multiply  the 

aainder  by  t,  or  briefly — 

C=KF-32). 


To  change  centigrade  degrees  into  the  equivalent 

brenheit  temperature,  multiply  by  f  and  add  32  to 

J  product,  or  briefly — 

F  =  tC  +  32. 


Fig.  8a— Ther- 
mometers. 


The  point  —273°  C.  is  called  absolute  zero.    Absolute  temperature 
"eckoned  from  this  point.     Degrees  on  the  absolute  scale  are  found 
adding  273  to  the  readings  on  the  centigrade  therrcvorcv^Vct.   TVksq&v 
f  absolute  is  o"*  C,  2^4"^  absolute  is  + 1°  C,  etc 
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PROBLEUS. 

1.  Change  into  Fahrenheit  readings  thefollowingcentigrade  readings; 
(a)  60.5,  (A)  40,  (0  92,  (''}  -  S-  ('^)  "-  (/)  100.  Cf)  860,  (A)  ~  40. 

2.  Change  into  centigrade  readings  the  following  Fahrenheit  read- 
ings: (a)  207,  (i)  180,  (0  o,  (d)  -  30.  (.)  212,  (/)  100,  (g)  -40, 
(*)  270. 

3.  Express  ihe  following  centigrade  readings  ill  absolute  readii^: 
(«)o,  (*)24,  W  -'3-  C'')  --260. 

3.  Cryatallization.  —  Most  substances  in  passing  from  a  liquid  or  a 
gas  into  a  solid  assume  a  definite  shape.  This  change  is  called  ciyl- 
toUlzation,  and  the  substances  are  said  to  crystallize  or  to  form  ay»- 
tals.  Crystals  are  produced  by  (1)  evaporating  a  solution,  (3)  cooling 
a  melted  solid,  or  (3)  cooling  a  vapor.  Thus,  salt  crystals  are  formed 
by  evaporating  a  salt  solution;  sulphur  crj-stals,  by  melting  and  ihen 
cooling  sulphur,  and  iodine  crystals,  by  heating  iodine  in  a  test  tube. 
These  methods  are  called,  respectively,  evaporation,  fusion,  and  sub-  I 
limation.  j 

As  a  rule  each  substance  has  an  individual  crystal  form  by  which  il  I 
can  be  distinguished.  Although  there  are  thousands  of  different  erys-  I 
tals,  all  belong  to  one  of  six  classes  or  systems.  This  classification  Is  | 
based  upon  two  assumptions:  (i)  all  crystals  contain 
called  axes,  and  (2)  the  surfaces  or  faces  are  grouped  around  ihews 
in  definite  positions.  The  axes  connect  angles,  edges,  or  faces,  wbidi 
are  similarly  simated  on  opposite  sides  of  the  crystal.  The  bounding 
planes  or  faces  are  arranged  symmetrically  arouud  the  axes,  which  alK 
determine  (by  their  lengths  and  relative  positions)  the  positions  of  tl* 
bounding  planes.  For  example,  the  cube  has  three  equal  axes  at  t^H 
angles  to  one  another,  and  terminating  in  the  center  of  each  of  the  SI 
bounding  surfaces. 

The  following  is  a  brief  description  of  the  six  systems  of  ctysO^ 
Uzation :  — 


Fio.  Bi. —  Isometric  cr^iialE  (cuIk,  01 
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(i)  Isometric. — ThU  has  three  equal  axes  intersecting  at  right 
angles.  The  simplest  forms  are  the  cube,  octahedron,  and  dodecahedron 
(Fig.  81).  Substances  crystallizing  in  this  system  are  diamond,  com- 
mon salt,  alum,  fluor  spar,  iron  pyrites,  and  garnet 


Fio.  8a.  — Tetragonal  crystals. 
(2)  Tetragonftl. — This  has  three  axes  at  right  angles ;  but  one  axis 
h  shorter  or  longer  than  the  other  two,  which  are  equal.     The 
forms  are  the  prism,  pyramid,  and  their  combinations  (Fig.  3 
dioxide  and  zircon  form  tetragonal  crystals. . 


Fio.  83. — Orthorhombic  crystals. 

(3)  Orthorhombic.  —  This  has  three  unequal  axes  intersecting  at 

ri^t  angles.     Common  forma  are  the  prism,  pyramid,  and  their  com- 

binatioDS  (Fig,  83).    Potassium  nitrate,  barium  sulphate,  topaz,  and 

native  sulphur  crystallize  in  this  system  (see  Fig,  49). 


7=^ 


J><'- 


>    \t 


^'^ 


Fio.  84. — Hexagonal  crystals. 

(4)  Hezagonal.  —  This  has  four  axes :  three  are  equal  and  intersect 

at  60°  in  the  same  j^ne;  the  fourth  is  longer  or  s1:\or\eT  VW^  \^^  0)^*^^% 
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and  is  at  right  angles  to  their  plane-  It  is  a  complex  system.  Common 
forms  are  the  prism,  pyramid,  rhombohedron,  acalenohedron,  and  Ibeif 
combinations  (F"ig-  84),  In  this  system  are  found  quartz,  calcite,  bBjlj 
corundum,  and  ice  (see  Figs.  5,  52,  61). 

(5)  MonocUnic.  —  This  has  three  unequal  axes ;  two  cut  each  other 
obliquely,  and  the  third  is  at  right  angles  to  the  plane  of  the  other  two. 
Common  forms  are  combinations  of  prisms.  It  Is  a  complex  system, 
but  includes  many  substances,  e.g.  sulphur  deposited  by  fusion,  sodium 
carbonate,  borax,  gypsum,  and  ferrous  sulphate  (Fig.  85). 


Fig.  85.  — MonoeliniocryEtaL 


Flc.  36.  — Triclinlc  crystals. 


(6)  Triclinic.' — This  has  three  tmequal  axes,  all  intersecting  al 
oblique  angles.  Common  forms  are  complex  combinations.  Copper 
sulphate,  potassium  dichromate,  boric  acid,  and  several  minerals  firon 
triclinic  crystals  (Fig.  86). 

4.  History  and  Biography. — The  biographical  data  and  table 
given  here  will  serve  as  a  basis  for  this  interesting  branch  of  cheniisltJF- 
Additional  facts  can  be  obtained  from  the  historical  books  mentiolMd 
below  (under  "  Reference  Books"). 

Arrhenius,  Svante,  1859 .     Swedish  physidst.     Contribatorto 

modern  theory  of  solution. 

Avogadro.  Amadeo,  1776-1856.  Italian  chemist  and  physicist.  Pro- 
posed in  i3ri  his  hypothesis  —  equal  number  of  molecules  in  eqii»l 
volumes  of  all  gases  at  same  temperature  and  pressure. 

Balard,  Antoine  Jerome,  1802-1876.  French  chembt.  Disconnd 
bromine  in  1826. 

Becher,  Johann  Joachim,  1635-1682.  German  physician.  Dt 
covered  few  facts,  but  collected  and  explained  writings  of  olhus. 
Be/f'evedin  alchemy,  but  made  no  search  for  gold.  Laid  foundalimaf 
phlogiston  theory. 
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Sergmiui,  Torbem,  i?35-'?84.  Swedish  chemist.  Improved 
methods  of  chemicai  analysis.  Believed  in  phlogistoa.  Studied  min- 
erals and  organic  adds.  Contributed  much  to  the  Industrial  develop- 
ment of  Sweden,     Intimate  friend  of  Scheele. 

Bertbollet,  Claude  Louis,  174S-1S22.  French  chemist.  Studied 
composition  of  ammonia,  properties  and  nature  of  chlorincj  hydrogen 
sulphide,  and  hydrocj-anie  acid.  Explained  chemicai  changes  by 
■'affinity."    His  discussion  with  Proust  led  to  law  of  definite  proportions. 

BerzeliuB,  Johann  Jacob,  1779-1848.  Swedish  chemist.  Deter- 
mined many  atomic  weights.  Introduced  use  of  symbols.  Discovered 
selenium,  prepared  silicon  and  several  rare  elements.  Investigated  law 
of  multiple  proportions,  proposed  dualislic  theory  and  an  electrochem- 
ical theory,  improved  experimental  methods.  Industrious  investigator, 
prolific  writer. 

Bessemer,  Sir  Henry,  1813-1S9S.  English  metallurgist.  Devised, 
in  1856,  Bessemer  process  of  making  steel. 

Black,  Joseph,  1728-1799.  Scotch  chemist  and  physicist.  Dis- 
covered carbon  dioxide.  Showed  relation  of  this  gas  to  carbonates  of 
alkalies  and  alkaline  earths.  Opposed  phlogiston  theory.  Teacher 
and  friend  of  James  Watt  and  Rutherford. 

Boyle,  Robert,  1626-1691.  English  philosopher.  Announced  law 
of  effect  of  pressure  on  gases.  Studied  air  and  water.  Opposed 
to  alchemy.  Views  anticipated  present  conception  of  constitution  of 
matter.     Laid  foundation  of  qualitative  analysis. 

Bunsen  von,  R.  W.  E.,  1811-1899.  German  chemist.  Studied 
blast  furnace  and  developed  gas  analysis.  Invented  the  burner,  pho- 
tometer, and  battery  bearing  his  iwme.  With  Kirchh off  (about  i860) 
devised  the  spectroscope,  and  by  it  developed  spectrum  analysis  and 
discovered  rubidium  and  CKsium ;  improved  the  calorimeter;  studied 
chemical  action  of  light 

Cannlzzaro,  Stanisloo,  iS26-i9to.  Italian  chemist.  Revived  Avoga- 
dro's  hypothesis  in  1858,  and  thereby  led  to  revision  of  atomic  weights. 

Carendiah,  Henry,  1731-1810.  English  chemist.  Discovered  hy- 
drogen, determined  specific  gravity  of  gases,  showed  (i)  solubility  of 
calcium  carbonate  in  water  containing  carbon  dioxide,  (2)  formation  of 
water  by  burning  of  hydrogen.  Determined  composition  of  the  atmos- 
phere and  of  nitric  oxide.  Accepted  phlogiston  theory.  He  was 
parsimonious,  eccentric,  shy;  trained  mathematician  and  electrician; 
"  the  richest  of  the  wise,  and  tlie  wisest  of  the  ricli," 
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Cbarles,  Jacques  Alex  C6sar,  1746-1822.    French  phTsicbl.    Pro- 
posed law  bearing  his  name. 
Courtoia,  Bernard,  1777-1838,    French  chemist.     Discovered  iodine 

Dalton,  John,  1766-1844.  English  chemist,  physicist,  and  matlie- 
matician.  Devised  atomic  theory.  Discovered  law  of  multiple  propor- 
tions. "  Dalton  was  often  inaccurate  as  to  facts,  deficient  in  the  details 
of  chemical  manipulations,  and  did  not  hold  high  rank  as  an  experi- 
menter; but  he  was  good  at  drawing  conclusions  and  at  stating 
generalizations,  his  aim  being  the  establishment  of  general,  underlying 
laws."     (Veriable.) 

Davy,  Sir  Humphry,  1778-1829.  English  chemist.  Studied  gases, 
demonslraled  properties  of  nitrous  oxide,  determined  composition  of 
hydrocliloric  acid,  studied  iodine  and  chlorine,  named  latter.  Isolated 
potassium,  sodium,  barium,  calcium,  and  strontium  by  electrolysis,  and 
studied  action  of  electricity  on  water  and  on  many  other  subsBnees. 
Devised  miner's  safety  lamp.  "  He  was  one  of  the  most  brillianl 
chemists  the  world  has  ever  seen  and  the  greatest  England  has  pro- 
duced." 

Dewar,  James,  1842 ,    English  chemist.     Pioneer  in  the  iique- 

fection  of  gases  by  modern  methods.     (See  Hydrogen.) 

Dulong.  Pierre  Louis,  17S5-1838.  French  chemist  and  phj-sidsL 
With  Petit  announced  law  of  specific  heats  in  1819. 

Dumas,  Jean  Baptiste  Andr£,  1800-1884.  French  chembt-  Detet- 
mined  many  atomic  weigh  is,  gravimetric  composition  of  water,  compo- 
sition of  air.  Investigated  many  organic  compounds.  Devised  a 
method  of  determining  vapor  density.  Excellent  teacher,  carefiil 
editor,  and  faithful  public  servant. 

Faraday,  Michael,  1791-1867.  English  chemist  and  physiosi. 
Liquefied  chlorine  and  other  gases.  Showed  quantitative  relation  b' 
tween  electric  current  and  chemical  changes,  and  developed  electro  chem- 
istry. Was  Davy's  assistant  and  successor  in  the  Royal  InslitutJon. 
Popular  lecturer,  keen  investigator,  and  ardent  lover  of  science. 

Gay-Lussac.  Joseph  Louis,  1778-1850.  French  chemist  and  physi- 
cist. Announced  law  of  gas  volumes  in  1808.  Worked  on  cyanogen, 
iodine,  halogen  acids,  alkaline  oxides,  isolation  of  boron.  Improved 
methods  of  analyzing  organic  compounds.  Was  pupil  of  Berthollet. 
"Was  a  trained  chemist,  capable  of  most  accurate  analytical  wotki 
and  possessing  scientific  acumen  in  a  very  high  degree."     (Venablfc) 
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^^Clauber,  Johann  Rudolph,  1604-1668.  German  chemist.  Believed 
in  alchemy.  Discovered  sodium  sulphate,  which  even  nov^  bears  his 
name.    Suggested  improvements  in  industrial  chemistry. 

Grabam,  Thomas,  1805-1869.  British  chemist.  Studied  diiiusion 
of  gases,  acids  of  phosphorus,  water  of  crystalliTation,  and  dialysis. 
Developed  idea  of  basicity  of  acids. 

Hofmann  von,  August  Wilhelin,  18(8^1892.  German  chemist- 
Studied  organic  chemistry  exhaustively.  Coal-tar  industry  arose 
largely  from  his  work.  Devised  unique  lecture  apparatus,  e^^.  that  for 
the  electrolysis  of  water.     Brilliant  teacher,  prolific  investigator. 

Kirchhoff,Gu8tavKobert,i824.-i887.  German  physicist.  With  Bun- 
sen,  devised  spectroscope  and  founded  principles  of  spectrum  analysis. 

Lavoisier,  Antoine  Laurent,  1743-1794.  French  chemist.  Over- 
threw phlogiston  theory,  explained  combustion,  contributed  many  facts 
to  a  large  number  of  chemical  topics.  Devised  foundation  of  chemical 
nomenclature.  Interpreted  experiments  of  other  chemists.  Efficient 
public  servant.  Regarded  by  many  as  the  founder  of  modern  chem- 
istry. Accused  of  appropriating  public  money  and  of  "  putting  water 
in  the  people's  tobacco,"  he  was  condemned  by  the  infamous  Robes- 
pierre, and  publicly  guillotined. 

Liebig  von,  Justus,  (803-1873.  German  chemist.  Laid  founda- 
tions of  agricultural  and  organic  chemistry.     Eminent  teacher. 

Mendeleeft,  Dmitri  Ivanovitch,  1S34-1907.  Russian  chemist.  An- 
nounced periodic  law  in  1868. 

Heyer,  Lothar  1830-1895.  Gennan chemist.  Contributed  to  estab- 
lishment of  periodic  law. 

Moissan,  Henri,  1852-1907.  French  chemist.  Isolated  fluorine, 
devised  and  perfected  electric  furnace,  prepared  artificial  diamonds, 
rare  metals,  and  refractory  compounds. 

Ostwald,  Wilhelm,  1853  .     German  chemist.    Contributor  to 

modern  theory  of  solution.     Eminent  teacher  and  prolific  writer. 

Petit,  Alexis  ThfoSse,  1791-1820.     French  physicist.    (See  Dulong.) 

Priestley,  Joseph,  1733-1804.  English  chemist  and  theologian. 
Student  of  electricity,  light,  and  gases.  Discovered  oxygen.  Devised 
pneumatic  trough.  His  political  and  religious  views  were  so  freely 
expressed  that  he  was  obliged  to  leave  England.  Came  to  America  in 
1795.     Died  at  Northumberland  near  Philadelphia,  Pennsylvania. 

Proust,  Louis  Joseph,  1755-1826.      French   chemist.     Defended 

;  of  definite  proportions  in  a  long  controversy  with  Berthollet. 
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"  One  of  the  good  results  of  this  controversy  was  to  bring  about  a  defi- 
nition of  compounds  and  mixtures,  and  a  clear  distinction  between 
them.  In  course  of  it,  also,  Proust  discovered  the  hydroxides,  a  dan 
of  compounds  until  then  confused  with  the  oxides,"     (Venable.) 

Prout,  William,  1785-1850.  English  physician.  Advanced  in  l!i{ 
the   hypothesis   that   the   atomic   weights  of  all  elements   are  wbole 

Ramsay,    WiUiam,    1852  .       English    chemist.     Discovered 

argon,  helium,  neon,  lirypton,  and  xenon. 

Rutherford,  Daniel,  174^1819.  Scotch  botanist  and  physician, 
Discovered  nitrogen  in  1772.    Pupil  of  Black. 

Scheele,  CarlWilhelm,  17+2-1786.  Swedish  chemist.  Discovosd 
chlorine,  ammonia,  manganese,  baryta,  many  acids  (organic  and  inof- 
ganic),  and  oxygen  (independently  of  Priestley).  Isolated  and  studied 
borax,  glycerine,  Prussian  blue,  microcosmic  salt.  Improved  tlie 
methods  of  preparing  many  substances.  Was  very  poor.  Friend  and 
companion  of  Bergman.  Achieved  marvelous  results  with  simple 
appliances.     Believed  in  phlogiston. 

Stahl,  George  Ernst,  1660-1734.  German  physician  and  chemist 
Revived  and  extended  Becher's  ideas  of  combustion.  Introduced  lliS 
name  phlogiston.  Strongly  advocated  this  theory  Successful  teicher 
and  writer. 

StsB,  Jean  Servals,  1813-1891.  Belgian  chemist.  Deterauned 
accurately  many  atomic  weights.  Pupil  of  Dumas.  Overthrew  Pniuti 
hypothesis. 

Van  Helmont,  Jean,  1577-1644.  Dutch  chemist.  Studied  gas« 
and  discovered  carbon  dioxide.  Had  imperfect  but  introductory  wews 
on  phy.iiological  chemistry,  indestructibility  of  matter,  and  elements. 
Believed  in  the  alkahest  or  universal  solvent. 

Van't  HofF,  Jacobus  Hendricua,  iSsz-igii,  Dutch  chembt.  Con- 
tributor to  chemistry  of  space  rel.itions  of  atoms  and  to  modern  thMf 
of  solution. 

Wohler,  Friedrich,  1800-1882.  German  chemist.  Isolated  al* 
mimum  and  beryllium.  Worked  on  boron,  silicon,  and  many  orgauc 
substances.  Discovered  isomerism.  Overthrew  barrier  between  0^ 
ganic  and  inorganic  chemistry.  Was  fellow-worker  with  IJebig,  pifl" 
of  Beneiius,  and  influential  teacher  of  many  famous  chemists. 
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■3 

Galen 

Aristotle 

Geber 

Avicenna 

Albertus  Magnus  Roger  Bacon 

le  Ages 

8th  Century 

978-1036 

I 193-1280 

1214-1294 

Raymond  Lulli 

Basil  Valentine 

1235-131S 

1394 

0  i6th  Gen- 

Paracelsus 

Agrlcola 

Libavius 

Van  Helmont 

es. 

1493-1541 

1494-1555 

1540-1616 

1577-1644 

Glauber 

Boyle 

Becher 

Hooke 

and     i8th 

1604-1668 

1626-1691 

1635-1682 

1635-1702 

ituries. 

Mayow 

Stahl 

Boerhaave 

Hales 

1645-1679 

1660-1734 

1668-1738 

1677-1761 

English. 

Black 

Cavendish 

Priestley 

1728-1799 

1731-1810 

1733-1804 

Dalton 

Davy 

Faraday 

1766-1844 

1778-1829 

1791-1867 

and     19th 

French. 

Lavoisier 

Berthollet 

Proust 

Ituries. 

1743-1794 

Gay-Lussac 

1778-1850 

1748-1822 

1755-1826 

Swedish. 

Bergman 

Scheele 

Berzelius 

1735-1784 

1742- 1786 

I779-1848 

English.  Graham    French.    Dumas      Belgian.    Stas 

1805-1869 

1800-1884 

1813-1891 

Century. 

German. 

Wohler 

Liebig 

Bunsen 

1800-1882 

1803-1873 

1811-1899 

Hofmann 

1818-1892 

Atomic  Weights.  —  The  following  table  of  atomic  weights  is 
1  upon  the  latest  available  Table  of  International  Atomic  Weights. 
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All 
Antimony  , 
Argon   .     . 
Arsenic 
Barium 
Bismuth     . 

Bromine  . 
Cadmium  , 

Calcium  . 
Carbon 

Chlorine 

Chromium 

Cobalt  .     . 

Columbium 

Copper  .     . 

Dysprosium 

Ei-bium.     . 

Europium  . 

Fluorine 

Gadolinium 

Gallium 

Gold      .     . 

Helium 

Hydrogen 

Iridium'     '. 

Krypton  '. 
Lanthanum 
Lead  .  . 
Lithium  . 
Lutecium  . 
Magnesium 
Manganese 
Mercury     - 


39-9 
75.0 
137-37 


58.97 
935 

63-57 
162.S 
1674 
152.0 


In 

1.4.8 

U6.92 

1 93-1 

Fe 

55-85 

Kr 

La 

139.0 

207.10 

7.00 

Lu 

174.0 

Mg 

24-32 

54.93 

Hg 

Appendix. 
Table  of  Atomic  Weights  (Coniinutd'). 
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6.  Reference  Books  and  Supplementary  Reading. — The  list  of 

books  given  below  will  serve  as  the  basis  of  a  chemical  library.  The 
starred  (')  titles  iodicate  books  intended  for  the  teacher,  though  aaay 
parts  of  these  books  are  not  beyond  the  grasp  of  pupils,  The  library 
should  contain  at  least  numbers  I,  j,  S,  10,  18,  20,  22,  24.  Addition^ 
titles  can  be  found  in  (i)  List  of  Books  in  Chemistry,  L.  E.  Knott 
Apparatus  Co.,  Boston,  Mass. ;  (2)  Smith  and  Hall's  Teaching  of 
Chemistry  and  Physics,  p.  218 ;  (3)  Newell's  ExpERtMENTAL  Cvm- 

ISTRY,  APP.  Cj  II. 

I.  Text-Book  of  Inorganic  Chemistry,  Newth.  Longmans,  Grett, 
&  Co.,  682  pp.,  S1.75. 

•2.  General  Inorganic  Chemistry,  Freer.  Allyn  Sc  BacOQ,  Boston 
559  PP->  l3- 

'3.  Text-Book  of  Inorganic  Chemistry,  Holleman.  John  Wiley  4 
Sons,  45S  pp.,  83.50. 

4.  Physical  Chemistry  for  Beginners,  Van  Deventer.  John  Wilej 
&  Sons,  I54PP'.  St. 50. 

5.  Chemical  Theory  for  Beginners,  Dobbin  and  Walker,  Th« 
Macmillan  Co.,  236  pp.,  $  .70. 

'6.  Introduction  to  Physical  Chemistry,  Walker,  The  MacmilliB 
Co.,  332  pp.,  83. 

7.  The  Birth  of  Chemistry,  Rodwell.  The  Macmillan  Co,  iJJ 
pp.,  »i. 

8.  Short  History  of  Chemistry,  Venable.  D.  C,  Heath  &  Co;  i?" 
pp.,  »i. 

9.  Faraday  as  a  Discoverer,  Tyndall,  D.  Appleton  &  Co.,  I?' 
pp.,  fi. 

10.  Short  History  of  Natural  Science,  Buckley.  D.  AppIeUn  S 
Co.,  467  pp.,  $2. 

It.  Heroes  of  Science  —  Chemists,  Muir.  Thomas  Nelson  &  Son, 
3Sopp.,  Ji,;o. 

•|2.  Essays  in  Historical  Chemistry,  Thorpe.  The  Macmillan  Co., 
582  pp.,  84. 

13.  Humphry  Davy.  Thorpe.     The  Macmillan  Co..  240  pp.,  (t.SS- 

14.  John  Dalton,  Roscoe.    The  Macmillan  Co.,  216  pp.,  fi.iS' 

15.  Michael  Faraday,  Thompson.    The  Macmillan  Co.,  30!  ^> 

«i.=s. 

*i6.  Alembic  Oub  Reprints,  University  of  Chicago  Press,  $.40  eadi. 
(i)  Experiments  on  Magnesia,  Kftia.    U^  ^o\«i4'«A<i^  of  the  Atomic 
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Theory.     (3)  Experiments  on  Air.     (4)  Foundations  of  the  Molecular 
Theory.     (6)  Decomposition  of  the  Fixed  Alkalies.     (7)  (8)  Discov- 
ery of  Oxygen.     (9)  Elementary  Nature  of  Chlorine.    (13)  Early  His- 
tory of  Chlorine. 
♦17.  Organic  Chemistry,  Remsen.     D.  C.  Heath  &  Co.,  426  pp.; 

$1.30- 

18.  Outlines  of  Industrial  Chemistry,  F.  H.  Thorp.    The  Macmil- 

lan  Co.,  528  pp.,  $3.50. 

♦19.  Practical    Electro-Chemistry,    Blount.      The  Macmillan  Co., 

374  PPm  $3-25- 

20.  Chemistry  in  Daily  Life,  Lassar-Cohn.    J.  B.  Lippincott  Co., 

336  pp.,  $1.75- 

21.  The  Soil,  King.    The  Macmillan  Co.,  400  pp. 

22.  Story  of  a  Piece  of  Coal,  Martin.    D.  Appleton  &  Co.,  165  pp., 
S.40. 

23.  Chemical  History  of  a  Candle,  Faraday.     Harper  &  Bros.,  223 
pp.,  $1.00. 

24.  Minerals  and  How  to  Study  Them,  E.  S.  Dana.    John  Wiley  & 
Sons,  380  pp.,  $1 .25. 

♦25.  Teaching  of  Chemistry  and  Physics,  Smith  and  Hall.  Long- 
mans, Green  &  Co.,  384  pp.,  $1 .50. 

26.  Story  of   Nineteenth-Century  Science,  Williams.    Harper  & 
^rps.,  475  pp.,  $2.50. 

27.  Stories  of  Industry,  Vol.  I,  Chase  and  Clow.    Educational  Pub- 
lishing Co.,  Boston,  172  pp.,  $.40. 

Scientific  American,  Munn  &  Co.,  New  York.  $3.00  yearly;  single 
copies,  8  cents. 

School  Science,  Ravenswogd,  Chicago,  Illinois.  $2.00  yearly  (9 
Issues)  ;  single  copies,  25  cents. 

Popular  Science  Monthly,  The  Science  Press^  New  York.  $3.00 
pearly ;  single  copies,  30  cents. 
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PART  II 
EXPERIMENTS 


INTRODUCTION. 

X.  The  Bunaen  bamer  is  used  as  Ihe  source  of  heat  in  most  chem- 
ical laboratories  (Fig.  87).    It  is  attached  to  the  gas  cock  by  a  piece  of 
•^bber  tubing.     When  the  gas  is  turned  on,  the  current  of  gas  draws 
*ir  through  the  holes  at  the  bottom  of  the  tube,  and  this  mixture  when 
'ighted  burns  with  an  almost  colorless,  i.  e.  non-luminous,  flame.     It  is  a 
hot  flame  and  deposits  no  soot.     The  burner  is  lighted  by  turning 
the  gas  full  and  holding  a  lighted  match  in  the  gas  about  5  centimeter* 
(2    inches)   above   the  top  of  the   burner.      If  the 
fl^tne  is  not  colorless,  or  nearly  so,  turn  the  ring  at 
*he  bottom  of  the  burner  until  the  flame  is  a  faint 
t>lue.      The  colorless  flame  should  be  used  in  all 
Experiments  unless  the  directions  stale  otherwise, 
^nd  should   be  from  5   to   10  centimeters  (2  to  4 
inches)  high      The  hottest  part  of  the  flame  is  near 
*He  top. 

a.  Heattng, — The  following  directions  should 
"e  observed  in  heating  with  the  Buosen  burner: —        i'lt;.  S?.  — Biinsen 

(i)   The  burner  should  always  be  lighted  before 
*r»y  piece  of  apparatus  is  held  over  it,  or  before  it  is  placed  beneath 
^  Wire  gauze  which  supports  a  dish  or  flask. 

(2)  Glass  and  porcelain  apparatus  should  not  be  heated  when  empty 
i  bare  or  free  ilame  even  if  they  contairi  something — ^  unless 
state.  Vessels  reqmiing  a  support  should  be  placed  on  a 
*ire  gauie  which  stands  on  the  ring  of  an  iron  stand,  and  heated  grad- 
'ially  from  beneath.  Hot  vessels  should  be  heated  and  cooled  gradu- 
ally ;  if  removed  from  the  gauze  while  hot,  they  should  be  placed  on  a 
block  of  wood  or  piece  of  asbestos  board  —  never  on  a  cold  surface. 

{3)  Many  experiments  require  the  heating  of  test  lubes.  These 
*Ubes  should  be  dry  on  the  outside  before  being  heated.  The  temper- 
ature of  a  test  lube  containing  a  solid  should  be  raised  gradually  by 
i^oving  it  in  and  out  of  the  flame,  or  by  holding  it  in  the  Same  and  roll- 
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iug  it  slightly  between  the  thumb  and  forefinger.  Special  care  must  be 
taken  to  distribute  the  heat  evenly.  If  the  test  tube  contains  a  liquid, 
as  b  usually  the  case,  only  that  part  containing  the  liquid  should  be 
heated ;  the  test  tube  should  also  be  inclined  so  that  the  greatest  beat 
is  not  directed  upon  the  thin  bottom. 
When  the  liquid  begins  to  boil,  the  test 
tube  should  be  removed  from  the  flame 
for  an  instant  or  held  over  ; 
experiments  test  tubes  can  be  held  be- 
tween the  thumb  and  forefinger  without 
discomfort.  If  they  are  too  hot  to 
handle,  a  test-tube  holder  may  be  used  (Fig.  88). 

3.  Cutting  and  beudisg  aiass  Tnblug.  —  (<z)  Cul- 
tiiig.  Determine  the  length  needed,  lay  the  tube  on  the 
desic,  and  with  a  forward  stroke  of  a  triangular  file  make 
a  short  but  deep  scratch  where  tlie  tube  is  to  be  cut. 
Grasp  the  tube  in  both  hands,  and  hold  the  thumbs 
together  behind  the  scratch.  Now  push  gently  with  the 
thumbs,  pull  at  the  same  time  with  the  hands,  and  the 
tube  will  break  at  the  desired  point.  The  sharp  ends 
should  be  smoothed  by  rubbing  them  with  emery  paper 
or  by  rotating  them  slowly  in  the  Bunsen  fiame  until  a 
yellow  color  is  distinctly  seen  or  until  the  ends  become  red-hot. 

^_^^  (i)  Bending.    Glass  tubes  are  bent  in  a  flat  Banit 

^^^^^b         An   ordinary  illuminating  gas   flame    may  be  n 
^■^^  but  the  Bunsen  flame  can  be  flattened  by  a  wlng-iop 

li  attachment  (Fig.  8g),  which  slips  over  the  top  oif  l!i* 

Fig.  89.— Wing-  burner'tube. 
^p  aiiadiment  for  The  flattened 
Bunsen  flame 
should  be  slightly  yellow  ; 
about  f  centimeters  (2.;  inches) 
wide  for  ordinary  bends.  A 
right-anBle  bend  is  made  a» 
follows:  Determine  the  point 
at  which  the  lube  is  to  be  bent. 
Grasp  the  tube  in  both  hands, 
and  hold  it  so  that  the  part  to  ' 
be    bent   is    directly    over   the        '^'  ^'g'le— f.' 


Fia.  EB.- 
TesllubeiMl 
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flame.  Slowly  rotate  it  between  the  thumbs  and  forefingers,  and 
gradually  lower  it  into  the  position  shown  in  Figure  90.  Continue  to 
rotate  it  until  the  glass  feels  soft  and  ready  to  yield.  Then  remove 
it  from  the  Hame,  and  slowly 
bead  it  into  a  right  angle,  as 
shown  in  Figure  91.  It  is  con- 
venient to  have  at  hand  a  block 
of  wood  or  some  other  right- 
angled  object  to  assist  the  eye 
in  completing  the  bend  into  an 
exact  right  angle.  If  a  Bunsen 
flame  is  used,  the  beat  part  of 
the  tube  should  be  annealed, 


^ngl. 


cooled  slowly.  This  is  done  by 
holding  it  in  a  yellow  flame  until  it  becomes  coated  with  soot.  It 
should  then  be  plnced  on  a  block  of  wood,  and  when  cold  wiped 
dean.  Tubes  can  be  bent  into  an  oblique  angle  by  heating  them 
through  about  twice  the  space  required  for  a  right  angle;  a  very  slight 
bend,  however,  is  often  made  by  holding  the  tube  across  the  flame  and 
heating  3  short  space.  Glass  tubes  which  have  been  correctly  bent 
never  have  flattened  curves ;  nor  are  they  twisted,  i-e.  all  parts  lie  in 
the  same  plane. 

(c)  Drawing,  Glass  tubes  can  be  drawn  to  a  finer  bore  or  into  two 
pointed  tubes  as  follows :  Heat  the  glass  as  in  (b)  through  about 
2.5  centimeters  (1  inch)  of  its  length,  remove  from  the  flame  and 
slowly  pull  it  apart  a  short  distance ;  let  it  cool  for  a  few  secoiids,  and 
then  pull  it  quickly  lo  the  desired  length. 

The  operation  is  well  illustrated  by  making  a  glass  stirring  rod. 
Select  a  piece  of  rod  about  25  centimeters  {10  inches)  long  and  .5 


\ 


FlC.  ga.  —  Stirring  rods  ready  to  be  1 


centimeter  (^fj  Inch)  in  diameter.  Heat  it  in  the  middle  in  the 
ordinary — not  flat  —  Bunsen  flame,  and  when  soft  draw  it  out  slowly 
into  the  shape  shown  in  Figure  92.  Cut  it  into  two  rods  by  making  a 
slight  scratch  where  the  doited  line  indicates.  Round  off  the  rough 
edges  by  heating  them  sliglitly  In  the  flame. 
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4,  FiltBriug.  —A  solid  may  be  separated  from  a  liquid  by  filtering. 
A  eircuJar  piece  of  porous  paper  is  folded  lo  fit  a  glass  funnel,  and  when 
the  mixture  is  poured  upon  this  paper,  the  solid— the  residue  or  precipi- 
tate—  is  retained,  while  the  liquid —  the  filtrate  —  passes  throughaad 
may  be  caught  in  a  test  tube  or  any  other  vessel.  The  fitter  papv  is 
prepared  for  the  funnel  by  folding  it  successively  into  the  shapes  shown 
in  Figures  93  and  94,  and  then  openiog  the  folded  paper  so  that  three 
thicknesses  are  on  one  side  aad  one  on  the  other  (Fig.  9;).  The 
cone-shaped  paper  is  next  placed  in  the  lunnel  and  wet  with  watt^ 


so  that  it  will  stick  to  the  sides  of  the  funnel  and  filter  rapidly.  TV 
paper  should  never  extend  above  the  edges  of  [he  funnel,  but  its  apei 
should  always  project  slightly  into  the  stem.  The  liquid  to  be  filtered 
should  be  poured  down  a  glass  rod  which  touches  the  edge  of  the  test 
tube ;  the  lower  end  of  the  rod  should  just  touch  the  paper  inside  the 
funnel,  so  that  the  liquid  will  run  down  the  side  and  thereby  avoid 
bursting  the  apex  of  the  filter  paper.  It  is  also  advisable  to  adjust  Ibe 
apparatus  so  that  the  end  of  the  stem  of  the  funnel  rests  against  (he 
side  of  the  vessel  catching  the  filtrate.  A  funnel  can  be  supported  hf 
standing  it  in  a  test  tube,  a  bottle,  or  the  ring  of  an  iron  stand. 

S.  CoaHtructing  and  arranging  Apparatus.- — The  various  paiS 
of  an  apparatus  should  be  collected,  prepared,  and  put  together  be- 
fore starting  the  experiment  in  which  the  apparatus  as  3  whole  is 
used.  The  different  parts  which  are  to  fit  each  other  should  be  selecleiJ 
and  arranged  so  that  all  joints  are  gas-tight,  and  as  a  final  precautuii 
the  apparatus  should  be  tested  for  leaks.  All  leaks  should  be  stopped 
up  before  the  apparatus  is  used.   The  following  hints  will  be  helpfbl:  — 


Fic.  96. —  Rubber  lube  cut  at  an  angla. 

(1)    To  insert  a  j;lass  lube  into  rubber  tubing.     Cutthe  rubber tuKif 

at  an  angle,  as  shown  in  Figure  96,  moisten  thcsmoothedendof  tfaeglus 
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rater,  place  the  end  of  tlie  glass  tube  in  the  angular-shaped 
ijthat  both  tubes  are  at  about  a  right  angle,  and  then  slip  the 
be  slowly  up  and  over  the  end  of  the  glass  tube.  If  the  glass 
ttgeorlhe  rubber  stiff,  the  rubber  tube  must  be  held  firmly 
fee  thumb  and  forefinger  to  keep  it  from  slipping  off  until  it  is 
jn^usted. 

tj!i  a  glass  lube  to  a  stopper.  Moisten  the  end  with  water  and 
[tube  firmly  about  3  centimeters  (i  inch)  from  llie  end ;  hold 
Br  between  the  thumb  and  forefinger  of  the  other  hand,  and 
tube  into  the  hole  by  a  gradual  rotary  motion.     Proceed  in 

manner  if  the  tube  is  to  be  pushed  through  the  stopper. 
snt  the  lube  toward  the  paim  of  the  hand  which  holds  the 
\ffciier  grasp  a  safety  lube  or  any  bent  tube  at  the  bend  when 
k  into  a  stopper  —  it  may  break  and  cut  the  hand  severely. 
I'fore  a  hole  in  a  cork.  Rubber  stoppers  are  preferable,  but 
R  used,  they  can  be  bored  as  follows :  Select  a  cork  free  from 
idiannels  and  use  a  borer  which  is  one  size  smaller  than  the 
Die.  Hold  the  cork  between  the  thumb  and  forefinger,  press 
fend  against  a  firm  but  soft  board,  and  slowly  push  tlie  borer 
fr  movement  through  the  cork,  taking  care  to  keep  the  borer 
lllar  to  the  cork.  If  the  hole  is  too  small,  enlarge  it  with  a 
I  If  corks  are  used  instead  of  rubber  stoppers,  the  apparatus 
nys  be  tested  before  use  by  blowing  into  it,  stopping  of  course 
|ite  outlets.    A  poor  cork  often  means  a  failure,  to  say  noth- 

\ma}ie  a  plaiinum  (est  wire.  Rotate  one  end  of  a  piece  of 
I  about  10  centimeters  (4  inches)  long,  in  the  flame  until  it 
tfiX  the  same  time  grasp  a  piece  of  platinum  wire  about  7  cen- 
^  inches)  long  firmly  in  the  forceps  about  1  centimeter  (.5 
K  the  end,  and  hold  it  in  the  flame.  When  the  rod  is  soft 
j^tly  push  the  hot  wire  into  the  rod.     Cool  the  rod  gradually 


Fig.  97.  —  Platinum  test  wire, 

n  the  flame.  The  completed  wire  is  shown  in  Figure  97. 
I  tube  is  used  instead  of  a  rod,  it  should  be  drawn  out  to  a 
■  diameter  (see  §  3  (0)  before  inserting  the  platinum  wire, 
r  respects  the  two  operations  are  practically  identical. 
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Fig.  93.  —  Pouring  a  liquid  down  a 


S.  Manipulatloii, — Ability  to  use  apparatus  rapidly,  accurately,  aiif 

neatly  is  acquired  only  by  experience,  but  the  following  suggestions  will 

fecilitate  the  acquisition  of  this  needful  skill ;  ^ 

(1)  Pouring  liquids  and  transferring  solids,     (a)    Liquids  can  bt 

poured  from  a  vessel  wiihooi 

spilling,  by  moisteningaglKS 

rod  with  the  liquid  and  thw 

pouring  it  down  the  rod  aa 

is  shown  in  Figure  98.    The 

angle  at  which  the  rod  is  held 

This 

pour  a  liquid  from  a  vessd 
containing  a  solid  without  disturbing  the  solid,  {b)  Liquids  can  ofldi 
be  poured  from  a  bottle  by  holding  the  bottle  as  shown  in  Figure  99. 
Notice  that  the  stopper  and  bottle  are  held  in  the  same  hand,  ThisisM- 
coroplished  by  holding  the 
palm  of  the  hand  upward 
and  removing  the  stopper 
by  grasping  it  between  the 
fingers  before  the  bottle  is 
lifted.  All  stoppers  should 
be  removed  this  way  when 
possible,  and  not  laid  down, 
because  the  impurities  ad- 
hering to  the  stopper  may 
run  down  into  the  bottle 
and  contaminate  the  solu- 
tion. The  drop  on  the  lip  of  the  bottle  should  be  touched  wilh  ih* 
Ktopper  before  the  latter  is  put  into  the  bottle ;  this  simple  opeialioo 
prevents  the  drop  from  ninning 
down  the  outside  of  the  botde 
upon  the  label  or  upon  the 
shelf.  (;:)  Solids  should  never 
be  poured  directly  from  alais* 
bottle  into  a  test  tube,  retort,  or 
similar  vessel.  A  conveoieiil 
method  is  as  follows:    Roa" 


Fig.  99.  — Tho  way  In  which  a  glass  ttoppH 
ihould  be  held  while  a  liquid  is  beji^  pauRd 


Fig. 
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I  will  roll  out  in  small  quantities ;  cntch  the  solid  on  a.  narrow  strip 
of  paper  folded  lengthwise,  and  slide  the  solid  from  the  paper  into  the 
desired  vessel.  The  last  part  of  Ihe  operation  is  shown  In  Figure  100. 
(a)  Collecting  gases.  Gases  are  usually  collected  over  water  by 
means  ofapneumatic  trough,  a  common  form  of  which  is  shown  in  Figure 
I02,  The  vessel  to  be  tilled  with  gas  is  first  filled  with  water,  covered 
with  a  piece  of  filter  paper,  inverted,  and  placed  mouth  downwardonthe 
shelf  of  the  trough,  which  is  previously  tilled  with  water  just  above  the 
shelf.  The  paper  is  then  removed,  and  the  vessel  slipped  over  the  hole 
in  the  shelf  of  the  trough.  Glass  plates  instead  of  filter  paper  may  be 
used  to  cover  the  bottle.  The  gas  which  is  evolved  in  the  generator 
passes  through  the  delivery  tube,  and  bubbles  up  through  the  water  into 
the  bottle,  forcing  the  water  out  of  the  bottle  as  it  rises.  All  gases 
insoluble  in  water  are  thus  collected.  Some  heavy  gases,  such  as 
hydrochloric  acid,  chlorine,  and  sulphur  dio.tide,  are  collected  by  allowing 
the  gas  to  flow  downward  into  an  empty  bottle,  and  displace  the  air  in 
the  bottle,  i.e.  by  dffWH-ward  displacement.  Ammonia  and  other  light 
gases  are  usially  collected  by  allowing  the  gas  to  flow  upward  into  a 
bottle,  i.e.  by  upward  displacement. 

(3)  Weighing  and  measuring.  These  operations  are  best  learned 
by  personal  direction  from  the  teacher,  together  with  patient  application 
of  a  few  general  principles.  The  following  hints,  however,  will  be  of 
assistance;  — 


(a)  Learn  as  soon  as  possible  how  to  ust 
weights. 

{b)    Always  leave  the  scales  and  weights 

(c)  Substances  should  not  be  weighed 
on  the  bare  scale  pan,  but  on  a  smooth 
piece  of  paper  creased  on  the  edges  or 
along  the  middle.  Take  the  solid  from 
the  bottle  with  a  clean  spoon  or  spatula  or 
pour  by  rotating  the  bottle  as  described  in 
§6  ff).  In  many  experiments  only  ap- 
proximate quantities  are  needed.  If  you 
weigh  out  too  much,  do  not  put  it  back 
into  the  bottie.  but  throw  it  away  or  put  it 
into  a  special  battle, 

(rf)  Liquids  are  measured  in  graduated 
cylinders.    The  lowest  point  of  the  curved 


the  scales  and  interpret  the 


clean,  usable  condition. 
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surface  of  the  liquid  is  its  correct  height  (see  Fig.  loi).  The  average 
ordinary  test  tube  holds  about  30  cubic  centimeters,  while  the  large  test 
tube — so  often  mentioned  in  the  succeeding  experiments^ — holds  about 
75  cubic  centimeters.  Time  can  be  saved  by  remembering  these  volumes. 
(e)  All  measurements  in  this  book  are  in  the  metric  system  (see  App. 
§1).  The  common  denominations,  their  abbreviations,  and  English 
equivalents  should  be  learned. 

7.  Smelling  and  Tasting.  —  Unfamiliar  substances  should  never 
be  tasted  or  smelled  except  according  to  directions,  and  even  then 
with  the  utmost  caution.  Never  inhale  a  gas  vigorously,  but  waft  it 
gently  with  the  hand  toward  the  nose.  Taste  acids,  etc.,  by  touching  a 
minute  portion  to  the  tip  of  the  tongue,  and  as  soon  as  the  sensation  is 
detected,  reject  the  solution  at  once  —  never  swallow  it. 


xperiment  1.  —  PhyBloal  ChanBe.  Materiahi  Salt,  g 
issolve  3  little  salt  in  a  test  tube  one  fourth  full  of  water.  Dip  2 
i  rod  into  the  liquid  and  taste  it.  Has  the  characteristic  property 
tie  salt  been  changed  ?  Dip  the  rod  into  the  liquid  again,  and 
it  over  the  flame  of  the  Bunsen  burner.  As  the  water  evaporates, 
lite  solid  appears.  Taste  it.  What  is  it  ?  Have  its  original  prop- 
s  been  destroyed  ?  What  kind  of  a  change  did  they  undergo  f 
It  kind  of  a  change  did  the  salt  undergo  ?     What  caused  the 

Kperlment  2.  —  Physical  Change.  Material t  Iodine, 
rop  a  small  crystal  of  iodine  into  a  dry  test  tube,  and  gently  heat 
bottom.  As  the  violet  vapor  arises,  remove  the  tube  from  the  flame 
let  it  coo!.  Do  the  crystals  which  form  near  the  top  resemble  the 
inal  crystal  ?  When  gendy  heated,  do  they  change  into  the  violet 
ir?  How  has  the  iodine  crystal  been  changed  ?  What  caused  the 
ige  ?  Do  the  original  properties  reappear  after  the  cause  has  been 
]ved  ?    What  kind  of  a  change  has  the  iodine  undergone  ? 

Kpetlmeut  3.  —  Phjaical  Change.  Afalerial:  Class  rod. 
nb  a  glass  rod  briskly  on  a  piece  of  cloth,  and  hold  it  near  small 
of  dry  paper.  Describe  what  happens.  After  a  moment  touch  the 
•I  again.  Is  the  result  the  same  ?  Try  again.  Are  the  original 
lerties  of  the  g^ass  restored  when  the  cause  of  its  change  is  re- 
ed ?    What  kind  of  a  change  did  the  glass  undergo  ? 

xperiment  4.  — Phyaioal  and  Chemical  Change.     Materials: 
per  wire,  magnesium,  sulphur. 

(J   Examine  a  piece  of  copjjer  wire  and  notice  especially  its  color. 
ip  one  end  of  the  wire  with  the  forceps,  and  hold  the  other  end  in 
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the  flame  until  the  copper  melts  and  undergS^^^climt^cR^fc 
Then  remove  it  from  the  tome  and  examine  the  product.  Compare  its 
properties  with  those  of  the  copper.  Is  it  apparently  a  different  sub- 
stance from  the  copper?  Why?  What  kind  of  a  change  did  the 
melted  copper  undergo  ? 

(i)  Examine  a  piece  of  magnesium  ribbon  and  note  its  properties, 
especially  the  color,  luster,  and  fle.tibility.  Record  these  properties. 
Then  grasp  one  end  of  the  magnesium  with  the  forceps  and  hold  Ihc 
other  end  for  an  instant  in  the  Bunsen  flame.  Observe  the  resull. 
Kecord  it.  Examine  the  product  and  compare  its  properties  with  those 
of  the  original  substance.  Has  the  essential  change  in  the  magnesiun 
been  physical  or  chemical?     Why? 

(c)  Examine  a  piece  of  roll  sulphur  and  note  its  properties,  *■/. 
color,  brittleness,  solid  condition,  etc.  Put  a  very  small  piece  upon  a 
block  of  wood  and  light  it  by  directing  the  flame  of  the  Bunsen  burner 
upon  it.  Observe  the  color  and  siie  of  the  flame  of  the  burning  sul- 
pliuf.  Observe  also  (cautiously)  the  odor  of  the  gaseous  product  by 
wafting  a  little  gently  toward  the  nose.  Compare  the  properties  of  this 
substance  with  those  of  the  sulphur.  Has  the  sulphur  undetgone  a 
physical  or  chemical  change?     Why? 

Answer  : 

(i)  What  are  the  evidences  of  chemical  changes  in  this  experimenl? 

(3)  If  a  known  weight  of  copper  had  been  consumed  in  (a),  could  It 
have  been  recovered  without  loss? 

OXYGEN. 

Experiment  5,  —  Preparation  of  Oxygen.  Materials  i  i;  gram 
potassium  chlorate,  15  grams  manganese  dioxide,  5  bottles  (about  as^ 
cubic  centimeters  each),  filler  paper,  joss  stick  or  splint  of  wood,  sul- 
phur, deflagrating  spoon,  piece  of  charcoal  fastened  to  one  end  of » 
copper  wire  (30  centimeters  long),  wad  of  iron  thread  (often  eallcil 
"steel  wool").  The  apparatus  is  shown  in  Figure  102,  *4  is  a  lap 
test  tube  provided  with  a  one-hole  rubber  stopper,  to  which  is  fitted* 
short  glass  tube,  B\  the  delivery  tube,  D,  is  attached  to  the  short  gla*^ 
tube  by  the  rubber  tube,  C.  (Directions  for  constructing  and  arranging 
the  apparatus  may  be  found  in  the  Introduction,  §  5.) 

Weigh  the  potassium  chlorate  on  a  piece  of  paper  creased  lengtliwist 
and  slip  it  into  the  lest  tube ;  do  the  same  with  the  manganese  dioidde. 
Shake  the  test  tube  until  the  chemicals  are  thoroughly  mixed ;  then  hoM 
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Ine  test  tube  in  a  horizontal  position  and  roll  or  shake  it  until  the  mix- 
lure  is  spread  along  about  one  half  of  the  tube.  Insert  the  stopper  with 
its  lubes,  and  claaip  the  lest  tube  to  the  iron  stand,  as  sliown  in  the 


Apparatus  arranged  for  preparing  oxygen. 

figure,  taking  care  not  to  crush  the  tube  ;  the  test  tube  should  incline 
toward  the  trough,  to  prevent  moisture  from  flowing  back  upon  the 
bot  glass. 

Fill  the  pneumatic  trough  with  water  until  the  shelf  is  just  covered. 
Fill  the  bottles /«//  of  water,  cover  each  with  a  piece  of  filter  paper,  in- 
vert them  in  the  trough,  and  remove  the  filter  paper ;  leave  two  bottles 
on  the  shelf  and  three  on  the  bottom.  The  end  of  the  delivery  tube 
should  rest  on  the  bottom  of  the  trough,  just  under  the  hole  In  the  shelf. 

Heat  the  whole  test  tube  gently  with  a  flame  about  8  centimeters  (or  3 
inches)  high.  When  the  gas  bubbles  regularly  through  the  water,  slip  a 
bottle  over  the  hole.  The  gas  will  rise  in  the  bottle  and  force  out  the 
water.  Move  the  Hame  slowly  along  the  test  tube,  but  concentrate  the 
heat  toward  the  closed  end,  and  always  keep  the  flame  behind  any  water 
which  may  be  driven  out  of  the  mixture.  If  the  gas  is  evolved  too  rapidly, 
lessen  the  heat ;  if  too  slowly,  increase  it ;  if  not  at  all,  examine  the 
stopper  and  the  rubber  connecting  tube  for  leaks,  and  adjust  accordingly. 
When  the  first  bottle  of  gas  is  fiill,  remove  and  cover  it  with  a  piece  of 
wet  filler  paper,  and  slip  another  bottle  over  the  hole.  When  five  bot- 
tles of  gas  have  been  collected,  remove  the  end  of  the  delivery  tube 
from  the  water,  lest  the  cold  water  be  drawn  up  into  the  hot  test  tube 
as  the  gas  contracts. 
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Ezperiment  6.  — Properties  of  Ozygen. 

Proceed  as  follows  with  the  oxygen  prepared  in  the  preceding 
experiment. 

(a)  Dip  a  glowing  joss  sticli  into  one  bottle,  and  observe  the 
change.  Remove  the  stick,  and  repeat  as  many  times  as  possible. 
Does  the  gas  bum?  How  does  the  glowing  stick  change?  What 
property  of  oxygen  does  this  experiment  show  ? 

(i)  Put  a  small  piece  of  sulphur  in  the  deflagrating  spoon,  hold 
the  spoon  in  the  flame  until  the  blue  flame  of  the  burning  sulphur  can  be 
seen,  then  lower  the  spoon  into  a  bottle  of  oxygen.  Notice  the  change 
in  the  flame.  Describe  it.  Brush  a  little  of  the  vapor  cdutiously 
toward  the  nose.  Of  what  does  the  odor  remind  you?  (Plunge  ihe 
spoon  into  mater  to  extinguish  the  burning  sulphur,  and  cover  the 
bottle  with  a  piece  of  filter  paper.) 

(c)  Hold  the  charcoal  in  the  flame  long  enough  to  produce  a  fMDt 
glow,  then  lower  it  into  a  bottle  of  oxygen.     Describe  the  result. 

(rf)  Twist  one  end  of  the  copper  wire  fused  in  (c))  around  Ihe  wad 
of  iron  thread,  heat  the  end  an  instant  in  the  flame,  and  quickly  lower 
it  into  a  bottle  of  oxygen.  The  iron  thread  should  bum  brilliantly.  If 
it  does  not,  heat  it  a  second  time  in  the  flame,  and  lower  it  again  iolo 
the  bottle  of  oxygen.     Describe  the  result. 

{/)    With  the   remaining   bottle,  repeat   any  of  the   above  expeii- 

Exercises  : 

(i)  Write  a  brief  account  of  the  above  experiments  in  your  nolt 
book,  answering  all  questions  and  directions. 

(a)   Sketcii  the  apparatus  used  to  prepare  oxygen. 

(3)  Summarize  Ihe  properties  of  oxygen. 

(4)  What  is  its  most  characteristic  property? 

(Note.  —  The  test  tube  used  in  Experiment  5  may  be  cleaned  wiltt 

Bzperiment  7.  —  PrepaTation  of  Oxygen  from  Merourio  Oadd*. 

Materials:  Mercuric  oxide,  stick  of  wood. 

Put  a  little  mercuric  oxide  on  the  end  of  a  narrow  piece  of  p*pW 

creased  lengthwise,  and  slip  the  powder  into  a  test  tube.  The  pow- 
der s/iouTd  nearly  fill  the  round  etiA  o(  ri\e  test  tube.  Hold  tlie  IMt 
lube  ia  a  horizontal  position,  sWV.eWvosvTwA'&t  ■^-xiRxxTSai.  to 
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layer,  attach  the  test-tube  holder,  and  heat  the  test  tube  (still  horizontal) 
in  the  upper  part  of  the  Buasen  flame.  Do  not  heat  one  place,  but 
move  the  tube  back  and  forth.  As  soon  as  a  definite  change  is  noticed 
inside  the  tube,  insert  a  glowing  joss  stick.  Observe  and  describe 
the  change.  If  there  is  no  change,  heat  strongly,  and  test  again. 
What  gas  is  liberated?  Observe  the  deposit  inside  the  tube.  Wliat  is 
it?     If  its  nature  is  doubtful,  let  the  tube  cool,  and  examine  again. 

Exercises: 

(t)    Describe  briefly  the  whole  experiment. 

(2)    What  historical  interest  has  this  ex|>eriment? 

(Note,  —  If  the  test  tube  has  been  partially  melted,  save  it  for  a  sub- 
sequent experiment.) 

HYDROGEN. 

Experiment  8.  —  Preparation  of  Hydrogen.  Materials  t  Granu- 
lated zinc,  dilute  sulphuric  acid,  pneumatic  trough,  four  bottles,  filter 
paper,  taper,  matches.  The  apparatus  is  shown  in  Figure  103.  ^  is  a 
large  test  tube  provided  with  a  two-hole  stopper,  through  which  passes 
the  safety  tube,  B,  and  the  right-angle  bend,  C;  the  long  (15  cm.  or  6 
in.)  delivery  tube,  E,  is  attached  to  the  bent  tube  by  the  rubber  tube,  D. 
The  safety  tube  may  be  advantageously  replaced  by  the  dropping 
tube  described  in  Experiment  96. 

Fill  the  test  tube   half  fiill  of  granulated  zinc  as  follows: 
Crease  a  piece  of  paper  lengthwise,  pour  the  zinc  from  the 
bottle  upon  the  paper,  incline  the  test  tube,  and  slip  the  zinc 
into  it  from  the  paper  —  do  not  drop  it  in.    Insert  the  stopper 
with  its  tubes;  if  the  end  of  the  safety  lube  does  not  go  in 
easily,  hold  the  test  tube  in  a  horizontal  posidon  and  shake 
the  zinc  about,  and  at  the  same  time  push 
the  stopper  gently  but  firmly  into  place, 
Clampthe  apparatus  into  the  positionshown 
D  the  figure  or  stand  it  in  a  test-tube  rack. 
Fill  the  pneumatic  trough 
with  water  as  before,  and  ad- 
just the  apparatus  so  that  the 
end  of  the  delivery  tube  rests 
.,^  on  the  bottom  of  the  trough 

Fl<^  ,„3.-App.,.».  fa  p„p„,.B  l„J,og,,.     ^^^^  ,^^  1,^,^  .^  ^^  ^^^, 

Fill  the  bottles  with  water  and  invert  them  m  ft\e  \tomi^,  ■»»  \tt 
Experiment  5. 
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pour  enough  dilute  sulphuric  add  through  the  safety  tube  t' 
test  tube  about  half  full,  taking  care  to  leave  a  little  acid  in  the  lower 
bend  of  ihe  safety  tube.  This  precaution  prevents  the  gas  from  escai>- 
iug  from  the  back  of  the  apparatus;  if  at  any  time  the  gas  should  Sow 
backward,  pour  a  little  acid  into  the  bend;  if  the  acid  does  not  flow 
down  the  safety  tube,  loosen  the  stopper  for  an  instant.  As  soon  as 
the  interaction  of  the  zinc  and  sulphuric  add  produces  hydrogen,  rile 
gas  will  bubble  freely  through  the  water  in  the  trough.  Slip  a  bottle 
over  the  hole,  and  collect  and  remove  the  bottle  of  gas  as  in  Experi- 
ment 5,  taking  care  to  cover  the  bottle  firmly  with  a  piece  of  wet  filter 
paper.  If  the  evolution  of  gas  slackens  or  ceases,  add  a  little  more  acid 
through  tlie  safety  tube.  Collect  four  bottles  of  hydrogen,  and  proceed 
at  once  with  the  next  experiment. 


Ezpetiment  9.  —  PropertieB  of  Hjdroeen. 

Study  is  follows  the  hydrogen  gas  prepared  above:  — 
(«)    Uncover  a  bottle  for  an  instant  to  lei  a  little  air  in,  and  then 
drop  3  lighted  match  into  the  bottle.     Describe  the  result. 

(i)  Remove  the  paper  from  a  bottle  of  hydrogen,  and  allow  it  to 
remain  uncovered  for  three  minutes — by  the  clock.  Then  show  the 
presence  or  absence  of  hydrogen  by  dropping  a  lighted  match  into  the 
bottle.  Describe  the  result.  What  property  of  hydrogen  is  shown  b} 
this  experiment? 

(c)  Verify  your  answer  to  the  last  question,  thus :  Hold  a  bottle  of 
air  over  a  covered  bottle  of  hydrogen,  remove  the  paper,  and  bring  th« 
mouths  of  the  bottles  close  togetlier.  (See  Fig.  I.)  Hold  them  there 
for  a  minute  or  two,  then  stand  the  bottles  on  the  desk  and  cover  ihen 
with  wet  filter  paper.  Drop  a  lighted  match  into  each  bottle.  Whit 
has  become  of  the  hydrogen?     How  does  (c)  verify  (S)? 

(d)  Invert  a  covered  bottle  of  hydrogen,  remove  the  paper,  awt 
quickly  thnist  a  lighted  taper  up  into  the  botlle.  Withdraw  the  lapw 
and  then  insert  it  again.  Does  the  hydrogen  burn?  If  so,  where? 
Does  the  taper  burn  when  in  the  botde?  When  out  of  the  bottle! 
Feel  of  the  neck  of  the  bottle ;  describe  and  explain.  What  (^« 
properties  of  hydrogen  are  shown  by  this  experiment  ? 

ELsperiment  ID.  —  Burning  Hydrogen.  (Teacher's  Expad- 
meat)     Maleriah :  Apparatus  shown  in  Figure  a,  which  consists  of  i 
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500  cubic  centimeter  flask  fitted  with  a  two-liole  rubber  stopper,  dropping 
tube,  and  double  right-angle  bend ;  the  last  is  attached  to  a  U-tube, 
which  is  also  connected  to  a  delivery  tube  provided  with  a  short  piece 
of  tight  rubber  tubing;  calcium  chloride,  small  bottle,  platinum  wire, 
cottOD,  granulated  zinc,  dilute  sulphuric  acid. 

Fill  the  U-tube  two  thirds  full  of  calcium  chloride,  put  a  wad  of 
cotton  beneath  the  stopper  of  each  arm,  and  connect  the  U-tube  with 
tlie  generator  and  the  delivery  tube. 

Stand  the  apparatus  on  the  table,  examine  all  joints  to  be  sure  Ihey 
are  tight,  extinguish  all  flames  in  the  vicinity,  and  proceed  cxacdy 
according  to  the  following  directions:  — 

Pourslowly  but  continuously  through  the  dropping  tube  enough  (about 
50  cubic  centimeters)  dilute  sulphuric  acid  upon  at  least  25  grams  of 
granulated  zinc  to  produce  a  steady  current  of  hydrogen  gas  for  about 
five  minutes.  It  is  advisable  to  use  considerable  zinc  and  a  moderate 
amount  of  acid.  Acid  may  be  added  slowly  after  the  evolution  of  gas 
begins,  but,  of  course,  no  air  should  be  introduced.  Let  the  gas  bubble 
through  the  acid  for  at  least  two  inmutes  by  actual  observation,  then 
attach  the  platinum  lip  and  the  rubber  connector  to  the  end  of  the 
delivery  tube,  leaving  a  short  space  between  the  ends  of  the  two  glass 
tubes  so  that  the  rubber  lube  may  be  compressed  suddenly,  if  neces- 
sary- Let  the  gas  run  for  another  full  minute.  This  latter  precaution 
is  to  drive  all  air  out  of  the  plaiinura  tube.  Light  the  hydrogen,  and 
observe  at  once  the  nature  of  the  flame,  its  color,  heat  (by  holding 
a  match  or  platinum  wire  over  it),  and  any  other  striking  properly. 
Then  hold  a  small  dry  bottle  over  the  flame  in  such  a  position  that  the 
flame  is  just  inside  the  bottle.  When  conclusive  evidence  of  the  prod- 
uct of  burning  hydrogen  is  seen  inside  the  bottle,  remove  the  bottle, 
and  extinguish  the  flame  at  once  by  pinching  the  rubber  connector. 
l^emove  the  generator  to  the  hood,  and  if  the  evolution  of  hydrogen  is 
siill  brisk,  dilute  the  acid  by  pouring  water  through  the  dropping  tube. 
Examine  the  inside  of  the  bottle.  What  is  the  deposit?  Explain  its 
formation. 

Exercises  for  the  Class: 

(i)  What  does  this  experiment  puggest  about  the  composition  of 

(2)  Does  this  experiment  illustrate  oxidation?  Why?  Synthesis? 
Why? 

(3)  Describe  the  whole  experiment,  and  sketch  the  apparatus. 
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Experiment  11.  —  General  Dlstiibutlon  of  ^Vater.    Afati 

Wood,  meat,  potato. 

Heat  successively  in  dry  test  tubes  a  small  piece  of  wood,  of  ni 
or  of  potato  (or  any  other  fresh  vegetable).  Hold  the  open  end  of  the 
test  tube  lower  than  the  other  end.  Is  there  conclusive  evidence  of 
waterp  Since  most  animal  and  vegetable  substances  act  similarly,  what 
general  conclusion  can  be  drawn  from  this  experiment? 

Experltnent  12.  —  Simple  Tests  for  Impurities  in  Water, 
Materials:  Distilled  water,  impure  water  (contdning  organic  matter, 
a  sulphate,  a.  chloride,  and  a  lime  compound)  ;  nitric  acid,  acetic 
acid,  sulphuric  acid  (concentrated),  solutions  of  potassium  perman- 
ganate, silver  nitrate,  barium  chloride,  ammonium  oxalate;  and  liine- 

(fl)  Organic  Matter.  Fill  a  lest  tube  half  full  of  the  impure  water, 
add  a  drop  or  two  of  concentrated  sulphuric  acid,  and  sufficient  potas- 
sium permanganate  solutiotj  to  color  the  water  a  light  piuple,  Srir  the 
mixture  until  the  color  is  uniform.  Hold  the  test  tube  in  the  holifer 
and  heat  the  solution  gently  and  cautiously  lo  the  boiling  point,  tatiiig 
care  to  prevent  the  liquid  from  jumping  out  of  the  test  tube.  Tic 
organic  matter  is  oxidized  by  the  potassium  permanganate  and  llie 
solution  becomes  brown  or  colorless.  Apply  this  test  to  distilled  water, 
to  faucet  water,  and  lo  water  containing  bits  of  paper.     Stale  the  result. 

(i)  Chlorides.  To  a  test  tube  half  K\\\  ai  distilled  water  add  a  little 
dilute  nitric  acid,  and  then  a  few  drops  of  silver  nitrate  solution.  "Do 
the  same  with  the  impure  water  (which  contains  a  chloride).  Whatis 
the  difference  between  the  results?  The  cloudiness,  or  solid,  b  dueto 
silver  chloride,  which  b  always  formed  when  silver  nitrate  is  added  lo 
hydrochloric  acid  ora  chloride  in  solution  (chlorides  being  closely  related 
to  hydrochloric  acid).  Silver  chloride  is  soluble  in  ammonium  hydroxide. 
Its  formation  is  the  usual  test  for  chlorides.  Apply  this  test  to  buKt 
water,  and  state  Ihe  result. 

{c)  Sttlphales.  To  a  test  tube  half  full  of  the  impure  water  add  a  fe» 
drops  of  barium  chloride  solution.  The  white  precipitate  is  barium  wl" 
phate.  It  is  insoluble  in  all  common  liquids,  and  is  always  formed  when 
barium  chloride  is  added  lo  sulphuric  add  or  a  sulphate  in  solution  [^ 
phafes  being  closely  related  to  sulphuric  add).  Test  feucet  watet  ii>' 
sulphates,  and  state  the  result. 
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(d)  Ume  Compounds.  Add  a.  few  drops  of  an  ammonium  oxalate' 
BolutioQ  to  a  test  tube  half  full  of  tlie  impure  water.  A  white  precipi- 
tate will  be  formed.  It  is  calcium  oxalate,  and  is  soluble  in  hydro- 
chloric add.  This  is  tlic  usual  test  for  calcium  compounds,  which 
are  often  called  lime  compounds,  because  the  well-known  substance 
lime  is  calcium  oxide.  Apply  this  test  lo  faucet  water,  and  state  the 
result 

Bxpeiiment  12  a.  —  Teatjiig  Unkuo^n  Substancea.  Procure 
several  substances,  dissolve  each  in  water,  and  test  portions  of  the  clear 
solutioa  for  a  chloride,  a  sulphate,  and  a  lime  compound.  Record  the 
results. 

Experiment  13. — DlstiUation.  (Teacher's Experiment.]  Ma' 
terials!  Condenser,  etc.,  sliown  in  Figure  6,  potassium  permanganate, 
iinpure  water,  and  solutions  used  in  Experiment:  12. 

Fill  the  flask,  C,  half  full  of  water  known  to  contain  the  impurities 
mentioned  in  Experiment  12,  add  a  few  crystals  (3  or  4}  of  potassium 
permanganate,  and  connect  with  the  condenser  as  shown  in  Figure  6. 
Attach  the  inlet  tube  to  the  faucet,  fill  tlie  condenser  slowly,  and  regu- 
late the  current  so  that  a  small  stream  llows  continuously  tram  the 
outlet  tut>e  into  the  sink  or  waste  pipe.  Heat  the  liquid  in  C  gradually, 
and  when  it  boils,  regulate  the  heat  so  that  the  boiling  is  not  too  vio- 
lent. As  the  distillate  collects  in  the  receiver,  A  test  separate  portions 
for  organic  matter,  chlorides,  sulphates,  and  calcium  compounds. 

Exercise.'}  for  the  Class  1 

(1)  Is  organic  matter  found  ? 

(2)  Is  mineral  matter  found  ? 

(3)  If  the  distilling  liquid  had  contained  a  volatile  substance,  like 
ammonia  or  alcohol,  would  tlic  distillate  contain  such  a  substance  ? 

Experiment  14.  —  Solubility  of  Gaaea. 

(a)  Warm  a  little  fiiucet  water  in  a  fe-it  tube.  "What  h  ihe  immediate 
evidence  of  a  previously  di.'isolved  ga.'i  ?  Is  there  evidence  of  much 
gas  ?     What  effect  has  increased  heat  upon  the  dissolved  gas? 

(i)  Warm  slightly  a  few  cubic  centimeters  of  ammonium  hydroxide 
In  a  test  tube.  Do  the  results  resemble  those  in  (a)  ?  As  soon  as  the 
final  result  Is  obtained,  pour  the  remaining  liquid  down  the  sink  and 
flush  well  with  water. 
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(c)  Repeat  (*),  using  a  little  concentrated  hydrochloric  acid.  Do 
the  results  resemble  those  of  (a)  and  {&)  i 

Answer  : 

(i)    How  does  increased  temperature  affect  the  solubiUty  of  gases  ? 

(2)  What  gases  dissolve  hreely  in  water  ? 

Bxpetiment  15.  —  Solubility  of  Liqtdds.  Materiah:  Alcohol, 
kerosene,  glycerine,  carbon  disulphide. 

(a)  To  a  test  tube  half  full  of  water  add  a  litde  alcohol  and  shake. 
Is  there  evidence  of  solution  ?  Add  a  little  more  and  shake.  Add  a 
third  portion.  Is  there  still  evidence  of  solution  ?  Draw  a  conclusion 
as  to  the  solubility  of  alcohol  in  water. 

{b)  Repeat  (a),  using  successively  kerosene,  glycerine,  and  caiixH 
disulphide.     Observe  the  results  and  conclude  accordingly. 

(tj    Summarize  the  results  in  a  table. 

Experiment  16.  —  Solubility  of  Solids.  Sfttlerials:  About  m 
grams  of  powdered  cfip|>er  sulphate,  6  grams  of  powdered  potassium 
chlorate,  I  gram  of  calcium  sulphate. 

(a)  Label  three  test  tubes  I,  II,  III.  Put  10  cc.  of  water  into  eat!"- 
To  1  add  I  gram  of  powdered  copper  sulphate,  to  JI  add  I  gram  of 
powdered  potassium  chlorate,  to  III  add  I  gram  of  caldum  sulphale. 
Shake  each  test  tube,  and  then  allow  them  to  stand  undisturbed  for ) 
few  minutes.  Is  there  evidence  of  solubility  in  each  case?  Is  there 
evidence  of  a  varying  degree  of  solubility?  If  111  is  doubtful,  orefcllj 
transfer  a  portion  of  the  dear  liquid  to  an  evaporating  dish  by  pouring 
it  down  a  glass  rod  (see  Introduction.  §6(1)  (a)),  and  evaporate  todo'- 
ness.  Is  there  now  conclusive  evidence  of  solution?  Draw  a  general 
conclusion  from  this  experiment.     Save  solutions  I  and  II  for  (i). 

Tabulate  the  results  of  fa)  as  follows,  using  the  customaiy  terms  to 
express  the  degree  of  solubility :  — 

Table  of  SoLtiBTLiTy  of  Typical  Solids. 


SOLlf 


1.    Copper  sulphate  Water  at  fempera- 

3,   Potassium  chlorate  ture  of  labora- 

j.    Calcium  sulphate        I        tory. 
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^^'(6}  Heat  I  and  add  gradually  4  more  grams  of  powdered  copper 
sulphate.  Does  it  all  dissolve?  Heat  II  and  add  4  more  grams  of 
powdered  potassium  chlorate.  Does  it  all,  or  most  all,  dissolve?  What 
general  effect  has  increased  heat  on  the  solubility  of  solids?  What  is 
the  dilTerence  between  this  general  result  aud  that  iu  Experiment  14.? 
Save  the  solutions  for  (c).  ' 

(c)  Heat  1  and  II  nearly  to  boiling,  and  as  the  temperature  in- 
creases add  the  respective  solids.  Do  not  boil  the  solution ;  keep  it 
near  the  boiling  point  by  frequent  heating.  Is  there  a  limit  lo  their 
solubility?     Draw  a  general  conclusion  from  these  typical  results.  ' 

Experiment  17. —  Supersatnration.      Material:    Sodium   thio-       j 

Fin  a  test  tube  nearly  fiill  of  crystallized  sodium  thiosulphate  and  | 
add  two  or  three  cubic  centimeters  of  water.  Warm  slowly.  As 
solution  occurs,  heat  gradually  to  boiling.  Pour  the  solution  into 
a  warm,  clean,  dry  test  tube,  cover  the  test  tube,  and  let  it  stand  I 
UDdisturbed  until  cool.  Then  drop  in  a  small  cryslal  of  sodium  thio- 
sulphate and  watch  for  any  simple  but  definite  change.  What  hap- 
pens? Is  the  excess  of  solid  large?  How  does  a  supersaturated 
solution  differ  from  a  saturated  one? 

Xizperimeiit  18, ~~  Water  of  CrjratEilliza.tIan.  Materiahx  Crys- 
tallized sodium  carbonate,  gypsum,  copper  sulphate,  evaporating  dish, 
gauze-covered  ring  (or  tripod).  I 

(a)    Heal  a  few  small  crystak  of  sodium  carbonate  in  a  dry  test  tube, 
inclining  the  test  tube  so  that  the  open  end  is  the  lower.    What  is  the 
evidence  that  they  contained  water  of  cry  stall  i  Ml  ion?     If  the  crystals       I 
undergo  any  marked  change  in  appearancei  describe  and  explain  it. 

(i)  Repeat,  using  a  crystal  of  gypsum.  Answer  the  question  asked 
in  ia). 

(c)  Heat  two  or  three  small  crystals  of  copper  sulphate  in  an  evapo- 
rating dish  which  stands  on  a  gauze-covered  ring.  As  the  action  pro-  ' 
ceeds,  hold  a  dry  funnel  or  glass  plate  over  the  dish.  Is  there  conclusive 
evidence  of  escaping  water  of  crystallization?  Do  the  crystaLs  change 
in  color?  In  shape?  Can  the  form  of  the  crystals  be  changed  by 
gently  touching  the  mass  with  a  glass  rod?  Continue  to  heat  until  the 
resulting  mass  is  a  bluish  gray.  Let  the  dish  cool.  Meanwhile  heat  a 
— «t  tube  one  half  fuJI  of  wafer.     When  the  dVs\v  Vias  coo\e.i  =.o-mKwVaX, 
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pour  the  hot  water  slowly  into  the  dish  upon  the  copper  sulphate, 
plain  the  change  in  color,  if  any.  If  there  are  any  lumps,  crush  tliOT 
with  a  glass  rod.  Let  the  clear  solution  evaporate  for  several  hours. 
Are  crystals  deposited?  If  not,  heat  a  few  minutes,  and  cool  agaiiii 
If  so,  why?  Have  they  water  of  crystallization,  and,  if  so,  where  did 
they  get  it? 

EzperimQnt  19. — Effloreecenoe. 

Pitt  a  fresh  crystal  of  sodium  carbonate  and  of  sodium  sulphate  on 
a.  piece  of  filter  paper,  and  leave  them  exposed  to  the  air  for  ao  hour  « 
more.  Describe  any  marked  change.  What  does  this  change  show 
about  the  air  ?     About  the  crystal  ? 

Bxperiment  20.  —  DeliqueBcenoe. 

Put  on  a  glass  plate  or  block  of  wood  a  small  piece  of  granulairi 
calcium  chloride  and  of  sodium  hydroxide.  Leave  them  exposed  to 
the  air  for  an  hour  or  more.  Describe  any  marked  change  wfaich  tako 
place.    Compare  the  action  with  that  of  Experiment  19. 

Experiment  21.  —  Solation  and  Chemioal  Aotioii.  Maleriahi 
Powdered  tartaric  acid,  sodium  bicarbonate,  lead  nitrate,  potasMum  di" 
chromate,  mortar,  dish  of  water. 

(a)  Mix  in  a  dry  mortar  small  but  equal  amounts  of  powdered  tw- 
taric  acid  and  sodium  bicarbonate.  Is  there  any  decided  evidence  of 
chemical  action  ?  Pour  the  mi.iture  into  a  dish  of  water.  Istherecos* 
elusive  evidence  of  chemical  action  ? 

(b)  Repeat,  using  powdered  lead  nitrate  and  powdered  potasNun 
dichromate. 

Describe  the  results  in  (a)  and  (*).  How  does  solution  bfloem 
chemical  action  ?     Why  are  so  many  solutions  used  in  the  laboratoij' 

Ezperiment  22. — EleotrolyBiii  of  'Water.     (Teaoher'B  Q^urt* 

tnent.)  Maltrials:  Hofmann  apparatus,  sulphuric  add,  taper,  inalcfaSr 
short  piece  of  capillary  glass  tubing. 

Fill  the  Hoftnann  apparatus,  Figure  10,  with  water  containing  10  p<* 
cent  of  sulphuric  acid,  so  that  the  water  in  the  reservoir  tube  standll 
short  distance  above  the  gas  tubes  after  the  stopcock  in  each  has  ben 
closed.  Connect  the  platinum  terminal  wires  with  a  battery  of  at  losl 
two  ceils.     As  the  action  'pvocteds,sm-A\\i\tW.ts,<A^i*sfti!MicollKl 
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at  the  top  of  each  tube.  Allow  the  current  to  operate  until  the  smaller 
volume  of  gas  is  from  S  to  10  centimeters  in  height.  Measure  Ihe 
height  of  each  gas  column.  Assuming  that  the  tubes  have  the  same 
diameter,  the  volumes  are  in  approximately  the  same  ratio  as  their  heights. 
How  do  the  volumes  compare  ? 

Test  the  gases  as  follows :  (a)  Hold  a  glowing  taper  over  the  tnbe 
containing  the  smaller  quantity  of  gas,  cautiously  open  the  stopcock  to 
allow  the  water  (or  air)  to  run  out  of  the  glass  tip,  and  then  let  out  a 
little  gas  upon  the  glowing  taper.  What  is  the  gas  ?  Repeat  until  the 
g;is  is  exhausted.  Care  must  be  taken  not  to  lose  the  gas.  It  is  ad- 
visable to  have  at  hand  several  partially  burned  tapers  or  thin  splints, 
in  case  any  escaping  water  extinguishes  the  first  one.  (i)  Open  the 
other  stopcock  long  enough  to  force  out  the  water  in  the  glass  tip ; 
close  the  stopcock,  and,  by  means  of  a  short  rubber  tube,  attach  the 
capillary  tube  close  to  the  end  of  the  glass  tip.  Open  the  stopcock 
again,  let  out  the  gas  slowly,  and  hold  at  the  same  time  a  lighted  match 
at  the  end  of  the  tip,  then  immediately  thrust  a  taper  into  the  small 
and  almost  colorless  Hame.  What  is  the  gas  ?  Repeat  until  the  gas  is 
exhausted. 

Exercises  for  tile  Class: 

(i)    Describe  the  whole  experiment. 

(2)  Draw  a  general  conclusion  from  this  experiment. 

(3)  What  does  this  experiment  show  about  the  composition  of 
water  ? 

(4)  Sketch  the  apparatus. 

Ezperlmeat  23. — Interaction  of  Water  and  Chlorine.  (Teach- 
er's Experiment.)  Materials:  Glass  tube  I  meter  long  and -about  2 
centimeters  in  diameter,  cork  for  one  end,  evaporating  dish,  chlorine 

Construct  a  chlorine  generator,  as  described  in  Experiment  38,  and 
prepare  about  250  cubic  centimeters  of  chlorine  water  by  causing  the 
gas  to  bubble  through  a  bottle  of  water  until  the  water  smells  strongly 
of  the  gas.  Close  one  end  of  the  lube  with  a  cork.  The  cork  must 
lit  air  tight,  and  as  a  precaution  should  be  smeared  (after  insertion) 
with  vaseline  or  coated  with  paraffin.  Fill  the  lube  full  of  chlorine 
water,  cover  the  open  end  with  the  thumb  or  finger,  invert  the  tM^w.,  -mA 
immerse  the  open  end  in  the  evaporating  dish,  wWch  ^Q\ii4.\)t  oeaA's 
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full  of  chlorine  water.  Clamp  Ihe  tube  in  an  upright  position,  and  sUflW" 
the  whole  apparatus  where  it  will  receive  the  direct  sunlight  for  at  least 
six  hours.  Bubbles  of  gas  will  sooq  appear,  rise,  and  collect  at  the 
top.  When  suflident  gas  for  a  test  has  collected,  unclamp  the  tube, 
cover  Ihe  open  end  with  the  thumb  or  finger,  invert  the  lube,  aod  put  a 
glowing  taper  into  the  gas.  Repeat  as  loag  as  any  of  the  gas  remains. 
Exercises  for  the  Class: 

(1)  What  gas  is  produced  by  the  interaction  of  chlorine  and  water? 

(2)  Describe  this  experiment. 

(3)  What  does  it  show  about  the  composition  of  water  ? 

(4)  Sketch  the  apparatus, 

Experimeot  24. — Interactioa  of  'Water  and  Bodlum,  Mtrii- 
rr'ah:  Sodium,  pntumaiic  trough  dlled  with  water  as  usual,  tea  lead,  for- 
ceps, red  litmus  paper. 

Frecantion.  Sodium  should  be  handled  cauliously  and  usedstrktif 

according  (0  directions.  Swall  fragnunts  must  not  be  left  aiaul  nsr 
thrown  into  the  refuse  jar,  but  into  a  lar^vessel  of -wattr  espedaUj  pro- 
vided for  that  fur  post- 

(a)  If  the  sodium  is  brawn,  scrape  olT  the  coating.  Cut  off  apeceof 
sodium  not  larger  than  a  small  pea,  and  drop  it  upon  the  water  in  ihe 
trough.  Stand  far  enough  away  so  that  you  can  just  see  the  aclloo- 
Wait  until  you  are  sure  the  action  has  stopped,  and  then  describe  all  you 

(i)  The  action  in  (a)  may  be  further  studied  a.s  follows :  Fill  a  ttsi 
tube  with  water,  invert  it,  and  clamp  it  in  (he  trough  so  that  themoutlils 
over  the  hole  in  the  shelf  of  the  trough.  Wrap  a  small  piece  of  sodium 
loosely  in  a  piece  of  tea  lead  about  5  centimeters  (2  inches)  square,  teal" 
two  or  three  small  holes  in  the  tea  lead,  and  then  thrust  it  under  lH« 
shelf  of  the  trough  with  the  forceps.  A  gas  will  rUe  into  the  test  tubt^ 
Proceed  similarly  with  additional  small  pieces  of  sodium  and  dry  i« 
lead  until  the  test  lube  is  nearly  full  of  gas ;  then  undamp  and  remove 
still  keeping  the  tube  inverted.  Hold  a  lighted  match,  for  an  instant  >t 
the  mouth  of  the  tube.  Observe  the  result,  watching  especially  the 
mouth  of  the  tube.  What  is  the  gas?  Why?  Remembering  ttiil 
sodium  is  an  element,  where  must  the  gas  have  come  from?  If  tbelti) 
any  doubt  about  the  nature  of  the  gas,  collect  more,  and  subject  it  tO 
those  tests  which  will  prove  its  nature, 
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(c)  Put  a  piece  of  filter  paper  on  the  water  in  the  trough,  and  before 
It  sinks  drop  a  small  piece  of  sodium  upon  it.  Stand  back  and  observe 
the  result.  Wait  for  the  slight  explosion  which  usually  occurs  soon 
after  the  action  stops.  Describe  all  you  have  seen.  What  burned? 
What  caused  it  to  burn?    To  what  is  the  vivid  color  probably  due? 

(d)  Test  the  water  in  the  trough  with  red  litmus  paper.  Push  the 
paper  to  the  bottom  or  to  the  place  where  it  is  certain  that  chemical 
action  between  water  and  sodium  has  taken  place.  Test  until  the  red 
litmus  paper  has  undergone  a  decided  change  in  color.  Describe  this 
final  result.  With  another  piece  of  red  litmus  paper  test  a  solution  of 
sodium  hydroxide.  Is  the  result  similar?  Dip  a  glass  rod  or  the  plati- 
num test  wire  (see  Int.  §  5  (4))  into  this  solution  and  hold  it  in  the 
Bunsen  fiame.  Describe  the  result..  The  color  is  due  to  sodium.  Is 
the  color  of  this  flame  and  that  noticed  in  (^)  the  same?  Are  the 
dissolved  subl^tances  probably  identical  ? 

(e)  What  does  the  whole  experiment  show  about  the  composition  of 
water? 

THE  AIR. 

ZSzperiment  25.  —  Composition  of  the  Air.     Materials ;   Solu- 
tions of  pyrogallic  acid  and  potassium  hydroxide,^  pneumatic  trough  half 
filled  with  water,  500  and  25  cubic  centimeter  graduated 
cylinders.    The  apparatus  (Fig.  103  a)  consists  of  a  bottle 
holding  250  cubic  centimeters  provided  with  a  one-hole 
rubber  stopper  through  which  passes  a  short  glass  tube 
closed  at  both  ends  and  projecting  5  centimeters  (2  inches)        r 
above  the  stopper.  \ 

{a)  The  volume  of  the  bottle  is  found  thus :  Fill  the 
bottle  full  of  water  from  the  pneumatic  trough.  Push  the 
stopper  into  the  bottle  as  far  as  it  will  go,  and  then  insert 
the  glass  tube.  Remove  the  stopper.  Pour  most  of  the 
water  from  the  bottle  into  the  500  cubic  centimeter  gradu- 
ate, and  read  the  volume  :  the  last  portions  of  the  water 
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in  the  bottle  should  be  poured  into  the  25  cubic  centi-  Fig.  103  a. 

meter  graduate,  so  that  the  volume  can  be  read  accurately.  —Apparatus 

(See  Fig.  loi.)      Record  the  total  volume  of  the  bottle  as  ingoxyg^hi' 

shown  in  {d),  air. 

1  The  pyrogallic  acid  is  a  10  per  cent  solution,  and  the  potassium  hydroxide 
50  per  cent. 
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(i)  Measure  exactly  lo  cubic  centimeters  of  pyrogallic  acid  in  the 
small  graduate  (see  Int.  §  6  {3)  (rf)),  and  pour  it  into  the  bolde.  Add 
20  cubic  cendmeters  of  potassium  hydroxide  solution,  insert  the  rub- 
ber stopper  quickly,  and  then  push  the  glass  tube  through  the  stopper 
until  the  inner  end  is  level  with  the  inner  surface  of  the  s 
Shake  the  bottle  vigorously  at  intervals  from  twenty  to  twenty-five 
minutes.    During  this  operation  the  oxygen  is  absorbed  by  the  sola- 

(c;)  Place  the  bottle  on  its  side  in  the  water  of  the  pneumatic  trough, 
inclining  it  slighdy  so  that  the  lower  edge  of  the  bottle  rests  upon  tie 
bottom  of  the  trough  and  the  hole  in  the  stopper  is  just  beneath  the 
suifece  of  the  water;  gradually  pull  out  the  tube,  taking  care  (i)  DOllo 
let  any  of  the  solution  run  out,  (2)  not  to  let  too  much  water  run  in, 
and  (3)  lo  keep  the  hole  in  the  stopper  constantly  below  the  sqi&c 
After  the  water  has  stopped  running  in.  insert  the  tube,  remove  the 
boltle,  and  measure  carefully  the  volume  of  the  final  liquid  in  the 
botde. 

(d)  Record  and  calculate  as  follows;  — 

(a)  Volume  of  original  solution  =30^- 

(bj  Capacity  of  bottle  =       0C> 

(c)  Volume  of  air  taken  (b  -  a)  = 

(d)  Final  volume  of  liquid  = 

(e)  Volume  of  water  which  entered  (d  —  a)  = 

(f)  Per  cent  of  water  which  entered  (e  ^  c)  = 

But  the  per  cent  of  entering  water  equals  the  per  cent  of  gas  ab- 
Borbed,  hence 

(g)  Per  cent  of  oxygen  = 
(h)  Per  cent  of  nitrogen  (100  —  g)  = 

Expeiimeiit  26.  —  Air  contains  Water  Vapor. 

Place  a  piece  of  sodium  hydroxide  upon  a  glass  plate  and  lei  H  !»■ 
maio  exposed  to  the  air  lifleen  minutes  or  more.  IDescribe  the  nsAi 
What  does  the  result  show  about  the  air  ? 

Experiment  27.  —  Air  contains  Carbon  Dioxide, 

(j)  E-xpose  a  small  bottle  of  limewaler  lo  the  air.  After  a  short 
time,  examine  the  surface  ot  l\ve  tt\M\d,  Describe  the  chai^,^^" 
jdaia  iu 
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(b)  If  a  blast  lamp  (or  bicycle  pump)  is  available,  replace  the  lamp 
with  a  glass  tube,  and  force  air  through  a  bottle  half  full  of  limewater, 
until  a  definite  change  occurs.    Describe  it.    Explain  it. 

AQDS,  BASES,  AND  SALTS. 

Experiment  28.  —  General  Properties  of  Aoids.  Materials: 
Dilute  sulphuric,  nitric,  and  hydrochloric  acids,  glass  rod,  litmus  paper 
(both  colors),  zinc. 

Fill  separate  test  tubes  one  third  full  of  each  of  the  acids.  Label  the 
tubes  in  some  distinguishing  manner. 

(a)  Dip  a  clean  glass  rod  into  each  acid  and  cautiously  taste  it.  ^ 
Describe  the  taste  by  a  single  word. 

(p)  Dip  a  clean  glass  rod  into  each  acid  and  put  a  drop  on  both  kinds 
of  litmus  paper.  The  striking  change  is  characteristic  of  acids ;  draw  a 
general  conclusion  from  it. 

(c)  Slip  a  small  piece  of  zinc  into  each  test  tube  successively.  If  no 
chemical  action  results,  warm  gentiy.  Test  the  most  obvious  product 
by  holding  a  lighted  match  inside  of  each  tube.  What  gas  comes  from 
the  hydrochloric  and  sulphuric  acids? 

(d)  Summarize  the  general  results  of  this  experiment. 

Experiment  29.  —  General  Properties  of  Bases.  Materials: 
Litmus  paper  (both  colors),  glass  rod,  sodium  hydroxide  and  potassium 
hydroxide  solutions,  and  ammonium  hydroxide. 

(tf)  Rub  a  little  of  each  liquid  between  the  fingers,  and  describe  the 
feeling.  Cautiously  taste  each  liquid  by  touching  to  the  tip  of  the  tongue 
a  rod  moistened  in  each,  and  describe  the  result. 

(b)  Test  each  solution  with  litmus  paper.    Describe  the  result. 
(/)  Summarize  the  general  results  of  this  experiment. 

(d)  Compare  acids  and  bases  as  to  taste  and  to  reaction  with  litmus. 

Experiment  30.  —  Properties  of  Different  Salts.  Materials: 
Litmus  paper  (both  colors),  glass  rod,  dilute  solutions  of  sodium  chlo- 
ride, potassium  nitrate,  potassium  sulphate,  acid  sodium  sulphate,  sodium 
carbonate,  potassium  carbonate,  alum,  and  barium  chloride. 

Test  each  solution  with  litmus  paper.     Describe  the  result.    Com* 
pare  with  the  litmus  reaction  of  acids  and  bases. 
Draw  a  conclusion  from  this  experiment. 
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Ezperlment  31. — The  Natura  ol  Comnioii  Bubstances. 

Determine  by  the  litmus  test  the  nature  of  lemon  juice,  vinegar, 
sweet  and  sour  milk,  vrashing  soda,  borax,  wood  ashes,  faucet  wMer, 
baking  soda,  sugar,  cream  of  tartar,  the  juice  of  any  ripe  fruit  and  anj 
unripe  fruit. 

Make  a  solution  of  each  of  the  solids  before  testing.     Tabulate  the 
results  as  follows  :  — 

Nature  of  Couhon  Substances, 

Aac 

ALKAUNS. 

N,ur.uu 

Experiment  32.  —  Neutralization.    MaUriaU :  Sodium  hydroi- 
ide  (solid),  hydrochloric  acid,  nitric  acid,  silver  nitrate  solution,  blue 
litmus  paper,  glass  rod,  evaporating  dish,  gauze-covered  ring. 

Dissolve  a  small  piece  of  sodium  hydroxide  in  an  evaporating  disli 
half  full  of  water.    Slowly  add  dilute  hydrochloric  acid,  until  a  drop 
taken  from  the  dish  upon  a  glass  rod  reddens  blue  litmus  paper.    Tben 
^               evaporate  to  dryness  by  heating  over  a  piece  of  wire  gauze  supportri 
^L             by  a  ring.     Since  the  residue  mechanically  holds  traces  of  the  excus 
^^             of  hydrochloric  add  added,  it  is  necessary  lo  remove  this  acid  before 
^1             applying  any  test.     Heat  the  dish  until  all  the  yellow  color  disappeifs. 
^1             then  moisten  the  residue  carefully  with  a  few  drops  of  warm  water  ami 
H              heat  again  to  remove  the  last  traces  of  acid.    This  precaution  is  esKU- 
H             tial  lo  the  success  of  the  experiment. 

H                 Test  a  portion  of  the  residue  with  litmus  paper  to  find  whether  it  lisi 
H             add,  alkaline,  or  neutral  properties.    Taste  a  little.     Test  {a)  a  act* 
■               tion  of  the  residue  for  a  chloride,  and  (i)  a  portion  of  the  solid  residue 
H               for  sodium  by  the  flame  lest.     (See  E.vps.  12  (i)  and  14  (rfj).     DtW 
^1             a  definite  conclusion  from  the  total  evidence.                                 .J^^f 
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HEAT,   LIGHT.   ELECTRICITY,   AND   CHEMICAL  ACTION. 

Experiment  33.  —  Heat  and  Chemical  Action.  Materials  > 
Lime,  evaporating  dish. 

Put  a  large  piece  of  lime  in  an  evaporating  dish,  and  sprinkle  a  little 
water  over  it.  Watch  for  a  change.  If  no  marked  change  soon  occurs, 
add  a  little  more  water.  Describe  the  change  as  soon  as  there  is  evi- 
dence of  much  heat.     What  caused  tlie  heat? 

Experiment  34.  —  Heat  and  Chemical  Action.  Materials:  Sul- 
phur, powdered  iron,  dilute  hydrochloric  acid. 

Put  about  3  grama  of  sulphur  and  3  grams  of  powdered  iron  in  a 
test  tube.  Cover  the  mouth  of  the  test  tube  with  the  thumb  and 
shake  until  the  two  substances  are  well  mixed.  Attach  the  test  tube  to 
the  holder  and  heat  strongly  in  the  flame.  As  soon  as  the  sulphur 
melts  and  boils  and  the  contents  give  evidence  of  decided  chemical 
action,  remove  the  test  tube  at  once  from  the  flame,  and  watch  the 
change  Is  there  evidence  of  heat  ?  Of  increasing  heat?  Of  much 
heat? 

When  the  tube  is  cool,  break  the  end,  and  examine  the  contents.  De- 
scribe it.  It  is  a  compound  called  iron  sulpiiide,  and  is  the  product  of 
the  chemical  action  which  was  started  by  heat.  But  the  chemical  action 
itself  was  so  vigoroiK  that  it  increased  the  heat. 

The  fact  that  the  product  differs  from  the  original  mixture  may  be 
shown  as  follows :  Add  dilute  hydrochloric  acid  to  a  part  of  the  product 
and  also  to  a  little  of  llie  original  mixture,  testing  the  gaseous  product 
in  each  case  by  the  odor.     Is  the  odor  the  same? 

Slate  briefly  how  heat  and  chemical  action  are  related,  using  this 
experiment  as  an  illustration. 

Experiment  35. —  Light  and  Chemical  Action.  Materials: 
Potassium  bromide,  silver  nitrate  solurion,  funnel,  filter  paper,  ^ass  rod. 

Dissolve  a  very  little  potassium  bromide  in  a  test  tube  one  fourth  full 
of  water,  add  an  tqual  volume  of  silver  nitrate  solution,  and  shake.  The 
precipitate  is  silver  bromide.  Describe  it.  Filter  (see  Int.  §  4).  Remove 
the  filter  paper  from  the  funnel,  unfold  it,  and  expose  the  silver  bromide 
for  a  few  minutes  to  the  light  —  sunlight,  if  possible.  Describe  the 
change.  What  caused  the  change?  How  !a  this  property  of  ailvef 
bromide  utilized  ? 
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Experiment  36,  —  Electricity  anH  Chemioal  Action.     (!< 

Bxpeiiment.) 

Repeat  Experiment  22. 

Exercises  for  the  Class: 

(i)  Define  electrolysis,  electrode,  electrolyte,  ion,  anion,  cation. 

(2)  State  briefly  the  accepted  explanation  of  the  electrolysis  of  water. 

(3)  Is  hydrogen  an  anion  or  cation?  At  what  electrode  doB  it 
collect  ? 

(4)  Answer  the  same  questions  (as  in  3)  about  oxygen. 

Xlzperitnent  37.  —  Electricity  and  Chemical  Action.  (Teadt- 
er'a  Experiment.)  Maiertali:  Starch,  polasaium  iodide,  mortar  smi 
pestle,  filter  paper,  sheet  tin  (or  iron),  battery  of  two  or  more  cells. 

Grind  together  in  a  mortar  a.  lump  of  starch  and  a.  crystal  of  poQS- 
Slum  iodide.  Add  enough  water  to  make  a  thin  liquid.  Dip  a  strip  or 
filter  paper  into  the  mixture,  and  spread  the  wet  paper  upon  a  sheet  of 
tin  (or  iron) .  Press  the  end  of  the  wire  attached  to  the  zinc  (of  liw 
battery)  upon  the  tin,  and  draw  the  other  wire  across  the  sheet  of 
paper.  The  marks  are  caused  by  iodine  which  is  liberated  from  tht 
potassium  iodide  and  colors  the  starch. 

Exercises  for  the  Class: 

(i)  Describe  briefly  this  experiment. 

(2)  Iodine  is  a  non-metal.  At  what  electrode  is  it  liberated?  Il 
iodine  an  anion  or  a  cation? 


{Perform  this  expiriaieni  in  At  hood.) 

Experiment  38.  —  Preparation  of  Chlorine.  Mattriaht  Con- 
centrated hydrochloric  acid,  30  grams  manganese  dioxide,  wad  of  fi"!; 
iron  thread,  cotton,  calico,  paper  with  writing  in  lead  pencil  and  in  'fk 
litmus  papers  (both  colors),  taper.  The  apparatus  is  shown  in  Flpirc 
104  (thougli  a  dropping  tube  may  replace  B,  as  in  Exp.  96) ;  and  Uicte 
are  also  needed  four  bottles,  a  wooden  block  (about  10  ceniimetets  of 
4  inches  square)  nith  a  hole  in  the  center,  four  glass  plates  to  cover  >tiC 
bottles,  and  a  piece  of  copper  wire  1 5  centimeteis  long- 
Weigh  the  manganese  dioxide  upon  a  piece  of  paper  creased  leoglh- 
wise.    Slijj  it  into  the  lest  lube,  A  lj*;e\\\\.\  b  l^c'i^.    Asriange  the  app 
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as  shown  in  the  figure.  Pour  enough  concentrated  hydrochloric 
through  the  safety  tube  to  cover  the  man- 
se dioxide.  Heat  gently  with  a  small 
;,  keeping  the  flame  below  the  level  of  the 
snts  of  the  test  tube.  Chlorine  is  rapidly 
red  as  a  greenish  gas,  and  passes  into  the 
e,  Gy  which  should  be  removed  when  ftiU 
een  by  the  green  color)  and  covered  with 
ss  plate ;  the  bottle  may  be  easily  removed 
olding  the  block,  /^,  in  one  hand  and 
ig  the  bottle,  Gy  aside,  bending  the  whole 
ery  tube  at  the  same  time  at  the  rubber 
ection,  D.  If  the  evolution  of  gas 
:ens,  add  more  acid  through  the  safety 
Collect  four  bottles,  and  perform  the 

experiment  at  once.  fig.  104.  —  Apparatus 

arranged  for  preparing 
chlorine. 

q;>erlment  39. — Properties  of  Chlorine. 

udy  as  follows  the  gas  prepared  above :  — 

)  Twist  one  end  of  a  copper  wire  around  a  wad  of  iron  thread. 


and   thrust  it 
suit. 


into  a  bottle  of  chlorine.    Describe  the  re- 


(d)  Into  a  bottle  of  dry  chlorine  put  a  piece  of 
calico,  litmus  paper  (both  colors),  and  paper  contain- 
ing writing  in  black  and  in  red  ink.  Allow  the  whole 
to  remain  undisturbed  for  a  few  minutes  and  then 
describe  the  change,  if  any.  Add  several  drops  ot 
water,  and  describe  the  change.  Draw  a  general 
conclusion  from  the  whole  experiment. 

(c)  Hold  a  burning  taper  in  a  bottle  of  chlorine 
long  enough  to  observe  the  result.     Draw  a  conclu- 
sion.   Verify  it  thus:   Twist  the  other  end  of  the 
copper    wire    around  a  piece  of  cotton,  as  shown 
Z^Wads    ^^  Figure  105  ;  cautiously  heat^  about  10  cubic  centi- 
iton and  iron,    meters  of  turpentine  in  a  large  test  tube;   saturate 


lold  the  test  tube  with  the  holder.     Remember  that  turpeuliu^  \%,xv\\r&  ^-as^- 
i  turpentine  catches  fire,  press  a  damp  towel  over  it. 


Experiments. 


I   between   hoi  turpentine  and 


the  cottot  with  the  iiot  turpentine  and  lower  it  into  a.  bottle  of  chlo 
Describe  the  result.    When  the  ai 
draw  a  conclusion  regarding  the 
chlorine. 

Wax  (in  the  taper)  and  turpentine  are  mainly  compounds  of  hydro- 
gen and  carbon.     Explain  the  result  in  (c). 

Answer  : 

(i)  Many  metals  act  like  the  iron  in  (a).  What  general  conclusion 
can  be  dr.iwn  about  the  reaction  of  chlorine  and  metals? 

(2)  What  is  essential  for  the  bleaching  action  of  chlorine? 

(3)  Wha.t  does  (c)  show  about  the  attraction  between  chlorine  mi 
hydrogen? 

(4)  What  class  of  chemical  changes  is  illustrated  by  (w)?  Wlwt 
classes  by  (c)  ? 

(;)  What  class  of  chemical  changes  is  illustrated  by  the  preparation 
of  chlorine? 

(6)  What  tliree  striking  properties  has  chlorine?  How  can  it  be 
distinguished  from  all  gases  previously  studied? 

Xixperiment  40.  —  Bleaohiug  by  Bleaobing  Fovrder.  AfaU- 
rials :  Bleaching  powder,  sulphuric  acid,  colored  cloth. 

Put  a  little  bleaching  powder  into  a  test  tube  and  add  enough  waicr 
to  make  a  thin  paste.  Add  a  few  drops  of  dilute  sulphuric  acid,  Utd 
then  dip  several  pieces  of  colored  cloth  into  the  mixture.  Remove  llic 
cloth  in  a  few  minutes,  and  wash  it  with  water.  Describe  the  changt 
in  tlie  cloth. 

Experiment  41.  —  Preparation  of  Hydrochlorlo  Acid.    Afiill' 

rials:  Th^  apparalus  used  in  Experiment  38;  30  grams  sodium  dilo- 
ride,  concentrated  sulphuric  acid,  joss  stick,  litmus  paper  (blue),  iininiv 
nium  hydroxide.      (^Perform  this  experimeal  in  tlu  hood.) 

(a)  Put  S  cubic  centimeters  of  water  in  a  small  bottle  or  evaporating 
dish,  cautiously  add  12  cubic  centimeters  of  concentrated  sulphuric  atid, 
and  stir  until  the  two  are  mixed.  While  this  mixture  is  cooling,  wdgl> 
the  salt,  slip  it  into  the  lest  tube,  and  then  arrange  the  apparatus  M 
shown  in  Figure  104.  Pour  half  the  cold  acid  mixture  through  the 
safety  tube,  let  it  settle  through  the  salt,  and  then  add  the  remainip| 
acid.  Heat  genily  with  a  low  flame,  as  in  the  preparation  of  chlorine. 
Hydrochloric  aciU  gas  is  evolved,  and   passes   into  the  bottle,  '■hlcb 


Chi 


lonne. 


489 


should  be  removed  when  full,  as  directed  under  chlorine.  A  piece  of 
moist  blue  litmus  paper  held  at  the  mouth  of  the  bottle  will  show  when 
it  is  full.  Collect  three  bottles,  cover  each  with  a  glass  plate,  and  set 
aside  until  needed. 

(i)  As  soon  as  the  third  bottle  of  gas  has  been  collected,  removed, 
and  covered,  put  in  its  place  a  bottle  one  fourth  full  of  water.  Adjust 
its  height  (if  necessflry)  by  wooden  blocks  so  that  the  end  of  the 
delivery  lube  is  just  above  the  surface  of  the  water.  Continue  to  heat 
the  generator  at  intervals,  and  the  gas  will  be  absorbed  by  the  water- 
Shake  the  bottle  occasionally. 

Meanwhile  study  the  gas  already  collected. 

Rsperiment  42.  —  Fropertlea  of  HydrocMoiio  Acid  Oaa. 

Proceed  as  follows  with  the  hydrochloric  acid  gas  prepared  by 
Experiment  41:  — 

(a)  Insert  a  bladng  joss  stick  into  one  bottle.  Remove  as  soon  as 
the  change  is  noticed.  Describe  the  change.  Compare  the  action  with 
the  behavior  of  hydrogen  and  of  oxygen  under  similar  conditions. 

(6)  Hold  a  piece  of  wet  filter  paper  near  the  mouth  of  the  same 
bottle.     Observe  and  describe  the  fumes.     What  is  the  cause? 

(t)  Invert  a  bottle,  and  stand  it  in  a  dish  of  water  (e.^.  the  pneumatic 
trough}.  Describe  any  change  noticed  inside  the  bottle  after  a  few 
minutes.  What  property  of  the  gas  does  the  result  illustrate?  Verify 
the  observation  by  a  simple  test  applied  to  the  contents  of  the 
bottle. 

(rf)  Drop  into  the  remaining  bottle  of  gas  a  piece  of  lilter  paper  wet 
with  ammonium  hydroxide.  Describe  the  result.  What  name  has 
the  product? 

(tf)  State  other  properties  of  hydrochloric  acid  gas  which  you  have 
observed;  e.g.  color,  odor,  density. 

Proceed  at  once  with  the  next  experiment. 

Experiment  43. — Properties  of  Hydrochloric  Acid. 

Remove  the  bottle  in  which  the  hydrochloric  acid  gas  is  being  ab- 
sorbed (see  Exp,  41  (i)),  and  study  the  solution  as  follows  r  — 

(a)  Determine  its  general  properties,  eg.  taste  (cautiously),  action 
with  litmas,  and  with  magnesium. 

(i)  Add  to  a  test  tube  half  fiill  of  the  hydrochloric  acid  a  few  drops 
of  nitric  acid  and  of  silver  nitrate  solution.    The  white,  curdy  precipitate 
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is  silver  chloride.  Filter  part  of  the  contents  of  the  test  tube,  and  a 
pose  the  precipitate  tu  the  sunlight.  Describe  the  change  nhich  sooa 
occurs.  To  the  remaining  contents  of  the  test  tube  add  ammonium 
hydroxide,  and  shake.    Describe  the  result, 

Xlzperiment  44.  —  Tests  for  Hydroohloric  Acid  or  a  Chloilte 

{«)  What  is  a  simple  test  for  hydrochloric  acid  gas  or  for  conceit* 
trated  hydrochloric  acid  p 

(S)    What  ia  the  usual  lest  for  hydrochloric  add  ?  ' 

(c)  Dissolve  a  litde  sodium  chloride  in  a  test  tube  half  fiill  of  water, 
and  apply  the  test  designated  in  (6).  (Suggestions,  See  Ejips.  12  (i) 
and  43  (*).) 

COMPOUNDS  OF  NITROGEN. 
Experiment  45. — Preparation  of  Ammonia.  Materials:  isgrams 
lime,  15  grams  ammonium  chloride,  3  bottles,  3  glass  plates,  pneu- 
matic trough  filled  as  usual,  litmus  pa[>er,  stick  of 
wood,  filter  paper.  The  apparatits  is  shown  (in 
part)  in  Figure  106.  The  large  test  tube,  A,  is 
provided  with  a  one-hole  rubber  stopper  to  whidi 
is  fitted  the  right-angle  bend,  C,  connected  with  a 
short  glass  tube,  B  (12  centimeters  or  5  inches 
long),  by  the  rubber  tube,  D. 

[a)  Weigh  the  lime  and  ammonium  chloride 
separately,  mix  them  thoroughly  on  a  piece  of 
paper,  and  slip  the  mixture  into  the  test  tube  to 
which  a  little  water  has  been  previously  added. 
Add  a  little  water.  Quickly  insert  the  stopper  j 
with  its  tubes,  and  damp  the'  test  tube  as  shown 
in  the  figure  (taking  care  not  to  crush  the  ie»t 
tube). 
Slip  the  glass  delivery  lube,  B,  into  a  bottle, 

invert  the  bottle,  and  hold  it  so  that  the  tubei* 

in  the  position  shown  in  the  figure.  Heal  the 
test  tube  gently  with  a  low  flame,  beginning  near  the  top  of  the  rnii- 
ture  and  giadually  working  downward.  Ammonia  gas  will  pass  «p 
into  the  bottle,  which  should  be  removed  when  full  and  covered  "i''" 
a  glass  plate.  A  piece  of  moist  red  litmus  paper  held  near  the  inoiilll 
mil  show  when  the  bottle  is  full.  Da  not  smell  at  tht  tmmth  ef^  j 
ifc/Afe.    Collect  two  bottles  and  se\  as\Ae  ^itfa  ■a^sA.fti. 


tua   for  preparing   and 
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(6>)  As  soon  as  the  last  bottle  has  been  collected,  rearrange  the  appa- 
ratus to  absorb  the  ammonia  gas  in  water,  as  in  the  case  of  hydrochloric 
acid  (see  Exp.  41  (^)).  Replace  the  short  glass  tube  by  the  delivery 
tube,  E,  which  should  pass  through  the  wooden  block,  /^,  into  a  bottle, 
G,  one  fourth  full  of  water,  so  that  the  end  is  just  above  the  surfece  of  the 
water  (see  Fig.  104).  Continue  to  heat  the  generator  at  intervals,  and 
the  gas  will  be  absorbed  by  the  water.     Shake  the  bottle  occasionally. 

While  the  solution  is  being  prepared,  study  the  gas  already  collected. 

Bzperimeiit  46. — Properties  of  Ammonia  Gas. 

Proceed  as  follows  with  the  ammonia  gas  prepared  in  Experiment 

452  — 

(a)  Test  the  gas  in  one  bottle  with  moist  litmus  paper  and  with  a 
blazing  stick.  Describe  the  result.  Compare  the  action  with  the 
behavior  of  hydrogen,  oxygen,  and  hydrochloric  acid  gas,  under  similar 
circumstances. 

(ff)  Invert  the  same  bottle  and  stand  it  upon  the  shelf  of  the  pneu- 
matic trough.  Describe  any  change  noticed  inside  the  bottle.  What 
property  of  the  gas  is  revealed?  Is  it  a  marked  property?  Test  the 
con^nts  of  the  bottle  with  litmus  paper  (both  colors). 

(c)  Pour  a  few  drops  of  concentrated  hydrochloric  acid  into  an 
empty,  warm,  dry  bottle.  Roll  the  bottle  until  the  inside  is  well  coated. 
.  Cover  it  with  a  glass  plate,  invert  it,  and  stand  it  upon  a  covered  bottle 
of  ammonia  gas.  Remove  both  plates  at  once,  and  hold  the  bottles 
together  by  grasping  them  firmly  about  their  necks.  Describe  the 
action,  giving  all  the  evidence  of  chemical  action.  What  is  the  white 
product? 

Experiment  47. —  Properties  of  Ammonium  Hydroxide. 

Remove  the  bottle  in  which  the  ammonia  gas  is  being  absorbed 
( see  Exp.  45,  (p)),  and  study  the  resulting  ammonium  hydroxide  as 
follows : — 

(a)  Determine  the  general  properties,  e.g,  taste  and  odor  (cau- 
tiously), feeling,  action  with  litmus. 

(^)   Warm  a  little  in  a  test  tube.    What  gas  is  evolved  ? 

(f)  Add  ammonium  hydroxide  to  a  solution  of  alum.  The  precipitate 
is  aluminium  hydroxide.     Describe  it.     This  is  a  test  for  an  hydroxide. 

Experiment  48.  —  Neutralization  of  Ammonia.  Materials : 
Ammonium  hydroxide,  hydrochloric  acid,  evaporating  dish,  sodiura 
hydroxide  solution^  litmus  paper,  gauze-covered  im^. 
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Fill  an  evaporating  dish  one  fourth  fiill  of  ammomum  hydroxide  i 
slowly  add  dilule  hydrochloric  acid,  stirring  constantJj,  until  the  solu- 
tion is  just  neutral  or  faintly  basic.     Evaporate  to  dryness,  very  sloirfj", 
on  a  gauze-covered  ring.     Test  portions  of  the  residue  thus :  — 

(a)    Is  it  an  acid,  alkali,  or  salt? 

(i)  Warm  a  little  with  sodium  hydroxide  solution.  What  gai  is 
formed?    Draw  a  conclusion  as  to  the  nature  of  the  onginal  ics' 

(c)  Support  the  dish  on  the  gaaze  and  warm  gently  until  fiimesar 
formed.     What  compound  do  the  fiimes  suggest? 

(d)  Verify  the  observations  and  conclusions  by  repeating  (J)  and 
(e)  with  ammonium  chloride  from  the  laboratory  bottle. 

(e)  What  is  the  solid  product  of  the  interaction  of  ammooiuni 
hydroxide  and  hydrochloric  add? 

Bxperlntent  49.  —  Freporatloii  of  Nitric  Acid.  Materiili! 
Glass  stoppered  retort,  iron  stand,  ring,  gauze,  bottle,  30  grams 
sodium  nitrate,  20  cubic  centimeters  concentrated  sulphuric  acid,  bo- 


Weigh  the  sodium  nitrate  and  slip  it  into  the  retort  (see  Int.  J  6  (t) 
(f)  ).  Fill  the  bottle  nearly  full  of  water.  Put  a  large  empty  lest  tube 
into  the  bottle,  insert  the  oect 
oftheretort  into  the  te 
and  clamp  the  apparatus  ^ 
shown  in  Fig.  106  a.  Stand 
a  funnel  in  the  tuhulure  of 
the  retort,  and  pour  the  add 
through  the  funnel.  Removt 
the  fiinnel  and  insert  ite 
stopper  of  the  retort  tigMy- 
Heat  gently  as  long  as  mv 
nitric  acid  runs  down  tht 
neck  of  the   retort   into  iJ" 

Pour  the  nitric  acid  latoo 
test  lube  or  small  botOe  to 
Experiment  50.  Allow  'I" 
conlents  of  the  velort  to  coo\,  add  a.  Kttk  water,  boil  until  the  o 
are  loosened,  and  then  pjut  \b\.o  ^\jQXi.\t  \qt  "e.>.«s«3waE&v  i,v 


r 
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Sxperlment  50.  —  Properties  of  Nitric  Acid.  Materials :  Quill 
toothpick.  iDiligo  solution.  Add  twice  its  volume  of  water  to  the  nitric 
add  prepared  in  Experiment  49,  and  proceed  as  follows ;  — 

(ii)  Warm  a  piece  of  a  quill  toothpick  in  a  portion  of  this  diluted  nitric 
acid.  How  is  the  quill  changed  at  first?  What  is  the  effect  of  contin- 
ued heating?  Pour  oif  the  acid,  and  wash  the  quill  with  water.  Is  the 
color  permanent? 

(Ji)  Add  a  dozen  or  more  drops  of  nitric  acid  to  a  dilute  solution  of 
indigo.  Describe  the  change.  Will  ammoniuin  hydroxide  restore 
the  original  color?  Is  the  change  temporary  or  permanent?  What,  in 
all  probability,  is  the  general  character  of  the  change  —  combination  or 
decomposition?  Draw  a  general  conclusion  from  (a)  and  (*)  regard- 
ing the  action  of  nitric  acid  on  organic  matter,  which  is  typified  by  the 
quill  and  indigo. 

Exercises: 

(i)  What  color  has  nitric  add? 

(2)  Examine  a  bottle  of  nitric  acid  which  has  been  standing  in  the 
laboratory.    What  can  be  said  of  the  stability  of  nitric  acid? 

(3)  State  other  properties  of  nitric  acid  you  have  observed. 

Bzperlment  51.  —  Teat  tor  Nitric  Acid  and  Nitrates.  Materials : 
Concentrated  nitric  and  sulphuric  acids,  ferrous  sulphate,  sodium  nitrate. 

To  a  test  tube  one  fourth  full  of  water  add  a  iittle  concentrated  nitric 
acid  and  shake.  Add  an  equal  volume  of  concentrated  sulphuric  add. 
Shake  until  the  acids  are  well  mixed,  then  cool  by  holding  the  test  tube 
in  running  water.  Make  a  cold,  dilute  solution  of  fresh  ferrous  sulphate 
and  pour  this  solution  carefiilly  down  the  side  of  test  tube  upon  the 
nitric  add  mixture.  Where  the  two  solutions  meet,  a  brown  or  black 
layer  will  appear,  consisting  of  a  compound  formed  by  the  interaction 
of  the  nitric  add  and  the  ferrous  sulphate.  It  is  an  unstable  com- 
pound and  will  often  decompose  if  the  lest  tube  is  shaken.  Record 
the  observation. 

This  test  is  also  used  for  a  nitrate.  Try  it  with  a  concentrated  solu- 
tion of  sodium  nitrate  in  place  of  nitric  acid.     Record  the  result. 

Experiment   52.  —  A   Special   Test   for   Nitrates,     Materials : 

Charcoal,  block  of  wood,  potassium  nitrate. 

Heat  a  piece  of  charcoal  in  the  Bunsen  flame,  lay  it  on  a.  yiotV.  ^ 
wood  or  an  iron  pan,  acd  cautiously  sprinWe  ^low.deved  'jo'tassv'ism.  la-* 
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Irate  upon  the  hot  surface.  Stand  back  when  the  action  begins,  OIk 
serve  and  describe  the  action,  especially  its  violence  And  rapidity,  al«) 
tlie  color  of  liie  flame,  llie  effect  on  the  charcoal,  and  any  other  djarao- 
terislic  result.  This  kind  of  chemical  action  is  called  defiagratm. 
What  causes  it? 

Ezpeiiment  53.^ The  Solid  Froduat  of  the  lutaractloii  erf  Bo- 
dium  Nitrate  and  Sulphuifo  Acid.  Materials:  Residue  from  Ex- 
periment 49,  evaporating  dish;  glass  rod,  gauze-covered  ring,  disIiUed 
water,  barium  chloride  solution,  ferrous  sulphate,  conceatrated  sulphuric 

Pour  a  little  of  the  solution  from  Experiment  49  into  an  evaporating 
dish,  and  evaporate  to  dryness  over  a  piece  of  wire  gauie  in  the  hood. 
As  the  mass  approaches  pasty  consistency,  lessen  the  heat  to  avoid 
spattering.  Continue  to  heat  the  molten  mass  as  long  as  while, 
choking  fiimes  are  evolved  This  last  operation  is  done  to  remove  ill 
traces  of  sulphuric  acid,  and  to  complete  the  chemical  change.  Alio" 
the  dish  to  cool  gradually,  and  wh.'n  cool,  dissolve  some  of  the  white 
solid  in  distilled  water  and  test  saiiarate  portions  for  a  sulphate  and  ni- 
trate (see  Exps.  la  (c)  and  sr).  Which  is  it?  Test  another  portiM 
for  sodium  by  heating  a  little  00  a  wire  in  the  flams  (see  Exp.  34  (rf)). 
What  is  the  name  of  the  white  substance? 

Draw  a  genera!  conclusion  regarding  the  chemical  action  which  oc- 
curs in  the  preparation  of  nitric-acid  by  the  interaction  of  sulfuric 
acid  and  sodium  nitrate. 

Experiment  54.  — Intsraction  of  Nitiio  Acid  and  Metala.    JAM- 

rials:  Zinc,  copper,  tin,  iron,  concentrated  nitric  acid. 

Stand  four  test  tubes  in  the  test-tube  rack,  and  slip  into  them  a  fe» 
small  pieces  of  one  of  the  following  metals ;  zinc,  copper,  tin,  and  iron, 
Add  to  each  test  tube  in  succession  enough  concentrated  nitric  acid  W 
cover  the  metal.  Observe  the  changes,  pardculariy  (l)  the  vigorofl^e 
action,  {2)  the  nature  and  properties  of  the  products,  espedally  color 
and  solubility,  and  (3)  evidence  of  the  evolution  of  hydrogen.  T»l«- 
late  these  observations. 

Experiment  S5.  —  Interaction  of  Nitric  Acid  and  Copper,  ud 
Study  of  Nitric  Oxide  and  Nitrogen  Peroxide.  —  Afalerialt:  W 
^rams  copper  (borings  or  ft'ne  xi\etc=,  of  sheet  metal),  concentrated 
citric  acid,  pneumatic  trou'^V  ftWci  ^^  vj.=,\iii,'i^tt&\»i\S«s^ii.V.t«!  g)»M 
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;>lates,  matches,  piece  of  wire  (15  centimeters  or  6  inches  long)  ;  and 
the  apparatus  used  in  Exp.  8  (modified,  if  desired,  as  in  Exp.  96). 

Arrange  the  apparatus  as  in  Experiment  8,  after  putting  the  copper 
into  the  test  tube  (see  Fig.  103).  Adjust  the  delivery  tube,  fill  three 
bottles  with  water,  and  invert  them  in  the  trough.  Dilijte  20  cubic  cen- 
timeters of  concentrated  nitric  acid  with  an  equal  volume  of  water,  and 
pour  just  enough  of  this  dilute  acid  through  the  safety  tube  into  the  test 
tube  to  cover  the  copper,  taking  care  to  seal  the  bend  of  the  safety  tube 
with  add.  If  the  action  is  too  vigorous,  add  water  through  the  safety 
tube ;  if  too  weak,  add  acid.  Collect  three  bottles  of  the  gas.  Cover 
them  with  glass  plates  and  stand  them  aside  until  needed.  Filter  the 
blue  liquid  in  the  test  tube  into  an  evaporating  dish,  and  evaporate 
slowly  to  half  its  volume  (not  to  dryness)  on  a  gauze-covered  ring  in 
the  hood.  The  blue  residue,  after  being  dried  with  filter  paper,  should 
be  preserved  in  a  well-stoppered  bottle. 

While  the  solution  is  evaporating,  study  the  gas  as  follows :  — 

{a)   Observe  its  general  properties  while  covered. 

(Jf)  Uncover  a  bottle.  Describe  the  result.  Is  the  brown  gas  iden- 
tical in  color  with  the  one  observed  in  the  generator  at  the  beginning 
of  the  experiment? 

{c)  Uncover  a  bottle,  pour  in  about  25  cubic  centimeters  of  water, 
cover  with  the  hand  and  shake  vigorously,  still  keeping  the  bottle 
covered.  Why  has  the  brown  gas  disappeared?  Uncover  the  bottle 
for  an  instant,  then  cover  and  shake  again.  Is  the  result  the  same? 
Repeat,  if  the  result  is  not  definite,  or  does  not  agree  with  previous 
observations. 

{d)  With  the  third  bottle  determine  whether  the  brown  gas  will 
bum  or  support  combustion.  A  convenient  flame  is  a  burning  match 
fastened  to  a  stiff  wire.  Plunge  it  quickly  to  the  bottom  at  first  and 
gradually  raise  it  into  the  brown  gas. 

Answer  : 

(i)  What  is  the  source  of  the  colorless  gas ?  What  is  its  name? 
What  is  the  name  of  the  brown  gas? 

(2)  What  is  the  general  chemical  relation  of  the  two  gases  to  each 
other?    To  the  air? 

(3)  Why  is  not  the  brown  gas  collected  in  the  bottles  by  displace- 
ment of  water? 

(4)  Will  either  gas  burn  or  support  combusliou^ 
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(5)  Which  gas  has  been  observed  before?    In  what  experiment? 

(6)  What  is  the  general  relation  of  these  gases  to  nitric  add? 
Study  the  properties  of  the  crystals  by  determining;  — 

(a)   Solubility  in  water  (cold  and  hot). 
(i)    Effect  of  intensa  heat. 

(c)  Action  of  their  solution  upon  an  iron  nail. 

(d)  Action  of  their  solution  when  added  to  ammonium  hydroxide. 
M    P^enct  ofa  nltntt. 

Corap.-u-e  the  observed  properties  with  those  of  copper  nhiate  ob' 
tallied  from  the  laboratory  bottle.    Are  the  two  substances  identical? 

Experiment  SG. — Fieparatloii  and  FropeitieB  of  Hibrons  Ozlds. 

MaUriah:  Ammonium  nitrate,  pneumatic  trough,  wad  of  iron  thread, 
copper  wire,  three  bottles,  three  glass  plates,  sulphur,  dellagratiag 
spoon,  a  joss  stick.  The  apparatus  is  shown  in  Figure  107.  The 
parts  lettered  A,  C,  D,  E  have  been  used  before ;  B,  F,  G,  H  sit 
exactly  the  same  as  A,  C,  D,  E  respectively.     (See  page  504.) 

Construct  and  arrange  the  apparatus  as  shown  in  the  £gure. 
the  Large  test  tube,  A,  about  half  full  of  ammonium  nitrate.  The  large 
test  tube,  B,  remains  empty.  The  end  of //rests  onthe  bottom  of  llie 
pneumatic  trough  as  usual.  It  is  desirable,  though  not  absolutely 
necessary,  to  fill  the  trough  and  bottles  with  -warm  water.  Be  sure  iht 
apparatus  is  gas-tight. 

Heat  A  gently  with  a  low  flame  (5  centimeters  or  2  inches).  Adjuil 
the  apparatus  if  it  leaks.  The  ammonium  nitrate  melts  and  appears  li> 
boil.  Regulate  the  heat  so  that  the  evolution  of  the  nitrous  oxide  will  be 
slow.  Notice  the  fiinies  which  collect  in  A,  and  the  liquid  whidi  col- 
lects in  B.  Prepare  tbree  bottles  of  nitrous  oxide,  free  from  air,  cover- 
ing each  with  a  glass  plate  as  soon  as  removed  from  the  trough.  Wheo 
the  last  bottle  has  been  collected  and  covered,  remove  the  end  of  ibe 
delivery  tube  from  the  trough. 

Test  the  gas  as  follows ;  — 

(0)  Allow  a  bottle  to  remain  uncovered  for  a  few  seconds.  Ho" 
does  nitrous  oxide  differ  from  nitric  oxide? 

(i)  Thrust  a  glowing  joss  slick  into  the  same  bottle  of  p* 
Describe  the  result.  Is  the  gas  combustible?  Does  it  support  coiK- 
bustioD  ? 

(c)    The  observations  in  (6')  surest  that  the  gas  is  oxygen, but  It"  1 
not,  though  this  faa  is  not  e^W-j  -^To-iea  \i-j  II  ^m^t  «x<^riment.  ^'""^ 
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small  piece  of  sulphur  in  a  deflagrating  spoon,  light  it,  and  lower  the 
urning  sulphur  at  once  into  another  bottle  of  gas.  If  the  expeiiment 
1  conducted  properly,  the  sulphur  will  not  bum  so  brightly  as  it  would 
1  a  bottle  of  oxygen. 

(jl)  Twist  one  end  of  the  copper  wire  around  a  wad  of  iron  thread, 
leat  the  edge  of  the  wad  an  instant  in  the  flame  and  then  lower  it 
uickly  into  a  bottle  of  the  gas.  Observe  the  change.  Recall  a  similar 
xperiment  with  oxygen.     Compare  the  two  results. 

What  in  all  probability  is  the  other  product  (seen  in  B)  of  the  ehemi- 
al  change  in  this  experiment?  Could  it  have  been  an  impurity  in  the 
.mmonium  nitrate?     What  are  the  fumes  noticed  in  ^? 

How  would  you  distinguish  ammonium  nitrate  from  all  other  nitrates? 
^ow  would  you  disliriguish  nitrous  oxide  from  {a)  the  other  oxides  of 
litrogen,  (i)  air,  (c)  oxygen,  (d)  hydrogen,  (e)  nitrogen,  (/)  carbon 
lio.xide  ? 

Eizpeilment  57. — Preparation  and  Fropertiea  of  Sodium  Nitrite. 

MaieriaU:  lo  giams  sodium  nitrate,  20  grams  lead,  iron  pan,  glass 
■od. 

Heat  the  mixture  of  lead  and  sodium  nitrate  on  the  iron  pan,  which 
s  supported  on  the  ring  of  an  iron  stand.  Stir  the  melted  mass  with 
)  glass  rod.  Some  of  the  lead  will  disappear  and  a  yellowish  brown 
powder  will  be  seen  in  the  molten  mass.  The  action  should  proceed 
mttl  most  of  the  lead  has  disappeared.  Allow  the  mass  to  coo!,  cover 
it  with  water,  heat  the  water  to  boiling  in  the  pan,  let  it  cool  and  then 
filter;  add  water  to  the  residue,  boil,  and  filter  this  portion.  This  oper- 
ation extracts  the  sodium  nitrite.  Add  to  the  combined  filtrates  several 
drops  of  concentrated  sulphuric  acid.  Describe  the  result.  How  does 
the  result  compare  with  the  action  of  concentrated  sulphuric  acid  on 
sodium  nitrate?  The  yellowish  product  is  lead  oxide.  What  general 
chemical  change  led  to  its  formation?  How  must  the  nitrate  have  been 
changed  ? 

Experiment  58.  —  Aqua  Regla.  Materials :  Gold  leaf,  concentrated 
nitric  and  hydrochloric  acids,  glass  rod. 

Touch  a  small  piece  of  gold  leaf  with  the  end  of  a  moist  glass  rod, 
and  wash  the  gold  leaf  into  a  test  tube  by  pouring  a  few  cubic  centi- 
meters of  concentrated  hydrochloric  acid  down  the  rod.  Heat  gp titli; 
until  the  acid  just  begins  to  boil.    Does  the  gold  diaaoVjel    '^B.^-a.'o.- 
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other  piece  of  gold  leaf  into  another  test  tube  with  concentrated  n 
acid,  and  heat  as  before.    Does  the  gold  dissolve?    Pour  the  conlenB 
of  one  tube  into  the  other,  and  warm  gently.     Does  the  gold  di&solvei 
Draw  a  conclusion  regarding  the  solubility  of  gold. 
Answer  :  ^^| 

(i)    What  is  the  literal  meaning  and  significance  of  the  term  ^^^| 
regia  ?  ^^\ 

(2)  What  other  metals  does  aqua  regia  dissolve? 

(3)  What  is  the  chemical  action  of  aqua  ngia  on  gold? 

(4)  Upon  what  property  of  nitric  acid  does  the  action  of  aqua  rtpa 
depend? 

CARBON. 

Experiment  59.  —  DiBtribiitlon  of  CatboD.  Materials:   HessliK 
crucible,  sand,  wood,  cotton,  starch,  sugar,  glass  tube  (or  rod),  t 
block  of  wood. 

(a)  Cover  the  bottom  of  a  Hessian  crucible  with  a  thin  layer  of  sand. 
Put  on  the  sand  a  small  piece  of  wood,  a.  small,  compact  wad  of  cotton, 
and  a  lump  of  starch.  Fill  the  crucible  loosely  with  dry  sand,  tat 
slip  it  into  tlie  ring  of  an  iron  stand.  Heat  with  a  flame  which  extends 
just  above  the  bottom  of  the  crucible  until  the  smoking  ceases  (apiaon- 
mately  20  minutes).  After  the  crucible  has  cooled  sufficiently  to  handle, 
pour  the  contents  out  upon  a  block  of  wood  or  an  iron  pan.  Examine 
the  contents.  What  is  the  residue?  What  is  hereby  shown  about  the 
distribution  of  carbon? 

While  the  crucible  is  heating,  do  the  following :  — 

(b)  Heat  about  1  gram  of  sugar  in  an  old  test  tube  until  the  vapon 
cease  to  appear.    What  is  the  most  obvious  product? 

(c)  Close  the  holes  at  the  bottom  of  a  lighted  Bunseo  btinier,and 
hold  a  glass  tube  in  the  upper  part  of  the  flame  long  enough  for  a  Olio 
deposit  to  form.     Examine  it,  name  it,  and  state  its  source. 

(d)  Hold  a  glass  tube  in  the  flame  of  a  candle  which  stands  OB  » 
block  of  wood,  and  compare  the  result  with  that  in  (ir). 

Draw  a  general  conclusion  regarding  the  distribution  of  carbon. 

Experiment  60.  —  Deoolorizing  Action  of  Charcoal.  Mattrub'- 
Animal  charcoal,  indigo  solution,  filter  paper  and  fiiniiel. 

Fill  a  test  tube  one  fourth  full  of  powdered  animal  charcoal  as  follons: 
Fold  a  narrow  strip  of  smoo\.\i  pa.^M  1.0  Wa.!  a  ■«'■&  ^i',',^  easily  ll 
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5t  tube ;  place  the  powder  at  one  end  of  the  troughlike  holder,  slowly 
ish  the  paper  into  the  test  tube,  holding  both  tube  and  paper  in  a 
>rizontal  position ;  now  hold  the  tube  upright,  and  the  powder  will 
ip  from  the  paper.  Add  10  cubic  centimeters  of  indigo  solution,  shake 
loroughly  for  a  minute,  and  then  warm  gently.  Filter  through  a  wet 
Xer  paper  into  a  clean  test  tube.  Compare  the  color  of  the  filtrate 
ith  that  of  the  indigo  solution.  Explain  the  change  in  color. 
Other  organic  substances  besides  indigo  are  similarly  changed. 
>raw  a  general  conclusion  regarding  the  decolorizing  power  of  char- 
oal. 

Experiment  61. — Deodorizing  Action  of  Charcoal.  Materials: 
V^ood  charcoal,  hydrogen  sulphide  solution,  test  tube,  and  cork. 

Smell  of  a  weak  solution  of  hydrogen  sulphide  gas.  Fill  a  test  tube 
alf  fidl  of  powdered  wood  charcoal  as  in  Experiment  60,  add  a  little 
ydrogen  sulphide  solution,  and  cork  securely.  If  the  tube  leaks,  make 
lie  opening  gas-tight  with  vaseline.  Shake  thoroughly.  After  fifteen 
r  twenty  minutes,  remove  the  stopper  and  smell  of  the  contents.  Is  the 
dor  much  less  offensive?  Repeat,  unless  a  definite  result  is  obtained. 
Explain  the  change. 

Experiment  62.  —  Preparation  of  Carbon  Dioxide.  Materials : 
.umps  of  marble,  sand,  concentrated  hydrochloric  acid,  stick  of  wood, 
an  die  fastened  to  a  wire,  limewater,  four  bottles.  Use  the  same 
pparatus  as  in  the  preparation  of  hydrogen  (see  Exp.  8). 

Cover  the  bottom  of  the  test  tube  with  sand,  add  a  little  water,  and 
arefully  slip  into  it  half  a  dozen  small  lumps  of  marble.  Arrange  the 
pparatus  to  collect  the  gas  over  water,  as  previously  directed.  Add 
hrough  the  safety  tube  just  enough  concentrated  hydrochloric  acid  to 
:over  half  the  marble.  Collect  four  bottles,  cover  with  glass  plates  or 
liter  paper,  and  stand  aside  till  needed. 

•  Allow  the  action  in  the  tube  to  continue,  and  preserve  the  contents 
or  Experiment  64. 

Proceed  at  once  to  the  next  experiment. 

Experiment  63.  —  Properties  of  Carbon  Dioxide. 
Study  the  properties  of  carbon  dioxide  gas  as  follows :  — 
{a)  Plunge  a  blazing  joss  stick  several  times  into  a  bottle.    De?»cx\fc>^ 
:he  result. 
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(i)   Lower  a  lighted  candle  into  a  bottle  of  a 
of  carbon  dioxide  over  it,  holding  the  bottles  month  to  mouth-    Desoibe   ' 
the  result.     What  does  this  result  show  about  the  density  of  carbon 
dioxide? 

{c)  Pour  a  little  hmewaier  into  a  bottle  of  carbon  dioxide,  cowr 
with   the   hand,   and   shake   vigorously.      Describe    and    ~xplaiii  tbc 

id)  Fill  a  bottle  of  carbon  dioxide  one  third  fall  of  water,  cover    j 
tightly  with  the  hand,  and  shake  vigorously-     Invert,  still  coverell,  i 
the  pneumatic  trough.      Does   the   result  reveal  any  bets  about  tt 
solubility  of  carbon  dioxide? 

Exercises  : 

(i)  Describe  the  preparation  of  carbon  dioxide. 

(2)  What  do  (a)  and  (A)  show  about  the  relation  ot  carbon  dlMii 
to  combusiion  ? 

(3)  What  is  the  test  for  carbon  dioiide? 

(4)  What  chemical  changes  occur  in  the  test  for  carbon  dioxide? 

Experiment  64.  — The  Solid  Prodnct  of  the  Interaction  ol 
Calciom  Catboiiat«  and  Hydrochloric  Add. 

Filter  the  contents  of  the  lest  tube  (from  Exp.  62)  into  an  evapaw'- 
ing  dish,  adding  a  liille  warm  water  beforehandt  if  the  contents  is  solid. 
Stand  the  dish  ona  gauze-mvered  support  and  evaporate  to  dryness  ill tiK 
hood.  As  the  residue  approaches  pasty  consistency  heat  gently  to  avind 
spattering,  and  finally  add  enough  water  to  dissolve  the  whole  dbb: 
evaporate  again  to  dryness.  Heat  the  residue  until  no  fiimes  of  hydra- 
chloric  acid  are  evolved.  Dissolve  some  of  the  re^due  in  distilled  tifo 
and  test  portions  for  (a)  a  chloride  and  (i)  a  calcium  compound  (see 
Exp.  12  (i).(i/)).  If  a  caldum  tx>mpound  is  found,  confirm  the  obsH- 
vation  thus :  Dip  a  dean,  moist  platinum  lest  wire  (see  Int.  g  5  U) ) 
into  the  solid  residue,  and  hold  it  in  the  Bunsen  flame.  If  calduin  H 
present,  the  tlame  will  be  colored  a  yellowish  red. 

What  is  the  residue?     \'erify  the  condusion  by  a  simple  experinKUt' 

Experiment  65.  —  Carbon  Dioxide  and  Comboatioti.  MaliH^- 
Limewater,  glass  tube,  candle  attached  to  wire,  stick  of  woo4  I"* 
bottles. 

(a)  Exhale  through  a  glass  tube  into  a  test  tube  half  fiill  ti  liW  g 
water.     Describe  and  eip\awvht  Tes^i.^.. 
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fd)  Lower  a  lighted  candle  into  a  bottle  and  allow  it  to  burn  for  a  few 
minutes-  Remove  the  candle,  pour  a  little  liniewater  into  the  bottle, 
and  shake  vigorously.     Describe  and  explain  the  result. 

(c)  Allow  a  stick  of  wood  to  burn  for  a  short  time  in  a  bottle  (not 
;he  one  used  in  (6)),  and  then  proceed  as  in  (A).  Describe  the  result 
Does  it  confirm  the  results  obtained  in  (a)  and  (6)  f 

(rf)  Repeat  (c),  using  a  piece  of  paper  in  place  of  the  wood.  De- 
scribe the  result.    Does  it  conlirm  tlie  results  obtained  in  (a),  (i),  and 

('■>' 

Answer  : 

(I)  What  is  the  source  of  the  carbon  dioxide  in  (a)? 

(3)  Wliat  is  one  of  the  gases  escaping  from  chimneys?  From  a 
burning  lamp? 

Experiment  66.  —  Carbonio  Acid.  (Teachsi's  Experiment.) 
Maltrials:  Solutions  of  sodium  hydroxide  and  phenolphlliaJein,  bottle, 
and  the  carbon  dioxide  gen  era  I  or  used  in  Experiment  62. 

Construct  and  arrange  the  carbon  dioxide  generator  as  in  Experiment 
62.  Fill  a  bottle  nearly  full  of  water,add  a  few  drops  of  asolution  of 
phenolphthalein '  and  just  enough  sodium  hydroxide  solution  to  color 
the  liquid  a  6int  magenta.  Allow  3  shyw  current  of  carbon  dioxide 
to  bubble  through  the  liquid  in  the  bottle,  until  a  definite  change  is 
produced  iti  the   absorbing  liquid.     Describe  and  explain  it. 

Experiment  £7. — Preparation  and    Properties    of    Carbonates. 

Materials:   Marble,   sand,  concentrated  hydrochloric  acid,  limewater. 
The  apparatus  is  the  same  as  that  used  in  Experiment  62. 

(a)  Prepare  a  carbon  dioxide  generator  as  in  Exp.  62.  and  attach  it  by 
a  clamp  to  an  iron  stand  so  that  the  end  of  the  delivery  tube  reaches  to 
tJie  bottom  of  a  bottle  half  flill  of  limewater.  Pass  the  ga."!  slowly  into 
the  limewater  until  considerable  precipitate  is  formed.  Remove  tiie 
bottle  and  let  the  precipitate  settle. 

(4)  Meanwhile  pass  carbon  dioxide  slowly  for  about  ten  minutes  into 
a  bottle  half  full  of  a  solution  of  sodium  hydroxide. 

(c)  Examine  the  precipitate  from  (ii)  as  follows  ;  Pour  olF  most  of 
the  liquid  without  disturbing  the  solid  (see  Int.  §  6  (1)  (a)).  Dip  a 
glass  tu!}e  into  limewater,  remove  it,  and  a  drop  will  adhere  to  the  endi 
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Pour  a  little  dilute  hydrochloric  acid  into  the  bottle,  shake,  and  hdd  fte 
"limeH'atertube"in  the  escaping  gas.  Observe  the  change  in  thedrt^ 
of  limewater.  If  no  change  occurs,  add  more  acid  to  the  precipitilft 
What  is  the  liberated  gas?  What  is  the  precipitate?  How  was  &e 
latter  formed? 

(rf)  Proceed  as  in  (c)  with  the  solution  obtained  in  (4).  What  k 
the  liberated  gas?  From  what  compound  did  it  come?  How  was  tbil 
compound  formed?    How  does  it  differ  from  the  one  formed  in  (a)i 

Answer  ; 

(i)   What  is  the  test  for  a  carbonate? 

(2)  How  may  limewater  be  distinguished  from  a  solution  of  sodium 
or  potassium  hydroxide? 

Xixperiment  68.  —  Detection  ot  Carbonates.  Materials  1  Hydro- 
chloric acid,  limewater,  glass  tube;  baking  soda,  washing  soda,  baldif 
powder,  native  chalk,  tooth  powder,  white  lead,  whiting,  old  mortar  (or 
plaster). 

Put  a  little  of  each  of  the  above  solids  in  separate  teat  tubes,  add  1 
little  water  and  dilute  hydrochloric  acid,  and  shake;  hold  the  "lime- 
water  tube  ■"  in  the  escaping  gas,  as  in  Ex|)erinient  67.  If  the  aclion  b 
not  marked,  warm  the  test  tube.    Describe  the  result  in  each  case. 

Bxpsriment  69.  ^~ Acid  Calcltun  Carbonate.  Materials:  linw- 
water  and  the  carbon  dioxide  generator  used  in  Experiment  62. 

Pass  carbon  dioxide  into  a  test  tube  half  full  of  limewater  until  the 
precipitate  disappears.  Filter,  if  the  liquid  is  not  perfectly  dear,aii<l 
then  heat.  Describe  the  change.  Explain  the  three  changes  whidi 
take  place  In  the  test  lube. 

Experiment  70.  —  Preparation  and  PtopertieB  ot  Carbon  Vo- 
noxiao.  (Teacher's  Xizperiment.)  Materials:  0.\alic  acid,  coDcen- 
trated  sulphuric  acid,  limewater,  pneumatic  trough  filled  as  usual,  three 
bottles,  three  glass  plates.  The  apparatus  is  shown  in  Figure  10? 
(p.  504). 

Precaution.     Carbon  tnonoxidt  and  oxalic  acid  art  poisonous. 
sulphuric  acid  is  dangerous.    Perform  this  experiment  tvUh  ttm 

Put  10  grams  of  oxalic  add  tn  the  large  test  tube,  A,  and  add  i{ 
cubic  centimeters  of  concentrated  sulphuric  acid.      Put  enough  li 
water  in  B  to  cover  the  end  of  the  tube,  £".     The  end  of  H  shou" " 
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im  the  bottom  of  the  pneumatic  trough  just  beneath  the  hole  in  the 
shelf.  Heat  the  tube,  Ay  gently,  and  carbon  monoxide  will  be  evolved. 
A  small  flame  must  be  used,  because  the  gas  is  rapidly  evolved  as  the 
heat  increases.  It  is  advisable  to  remove  or  lower  the  flame  as  bubbles 
appear  in  the  tube,  B,  —  regulate  the  heat  by  the  effervescence.  Collect 
all  the  gas,  but  do  not  use  the  first  bottle,  covering  the  bottles  with 
glass  plates  as  they  are  filled,  and  setting  them  aside  temporarily. 
When  the  last  bottle  has  been  collected  and  covered,  loosen  the  stop- 
per in  By  remove  the  end  of  H  from  the  water  in  the  trough,  and  if  gas 
is  still  being  evolved,  stand  the  whole  apparatus  in  the  hood. 
Test  the  gas  thus :  — 

{a)  Notice  that  it  is  colorless. 

(fi)  Hold  a  lighted  match  at  the  mouth  of  a  bottle  for  an  instant. 
Note  the  flame,  especially  its  color  and  how  it  burns.  After  the  flame 
has  dbappeared,  drop  a  lighted  match  into  the  bottle.  Describe  the 
result.     Draw  a  conclusion  and  verify  it  by  {c), 

{c)  Burn  another  bottle  of  gas,  and  after  the  flame  has  disappeared 
pour  limewater  into  the  bottle  and  shake.     Describe  the  result. 

Exercises  for  the  Class: 

(i)  What  gas  besides  carbon  monoxide  was  produced,  as  shown 
by^? 

(2)  Summarize  the  observed  properties  of  carbon  monoxide. 

(3)  What  is  the  chemical  relation  of  the  two  oxides  of  carbon? 

(4)  How  can  the  two  oxides  be  changed  into  each  other?  What 
two  general  processes  do  the  changes  illustrate? 

ZSzpexlment  71. — Preparation  and  Properties  of  Ethylene. 
(Teacher^B  Zizperiment.)  Materials:  Alcohol, concentrated  sulphuric 
acid,  sand,  pneumatic  trough  filled  as  usual,  two  bottles,  limewater. 
The  apparatus  is  that  used  in  Experiment  70. 

Precautioii.  A  mixture  of  ethylene  and  air  explodes^  if  ignited. 
Hot  sulphuric  acid  is  dangerous.  Guard  against  flamesy  leaks,  and 
breakage. 

Put  5  cubic  centimeters  of  water  in  a  test  tube  and  slowly  pour  upon 
it  15  cubic  centimeters  of  concentrated  sulphuric  acid.  Cool  the  acid 
by  holding  the  test  tube  in  a  stream  of  cold  water.  Put  5  to  7  cubic 
centimeters  of  alcohol  in  the  test  tube,  Ay  add  a  little  clean  sand,  and 
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then  slowly  pour  in  the  cold  a.c\A.  The  test  tube,  B,  remains  empty, 
dish  should  stand  under  A  to  ca.tch  the  contents,  in  case  of  accldeat. 
Adjust  the  apparatus  as  shown  in  Figure 
107,  taking  care  not  to  crush  the  test 
Heat  the  test  tube,  A,  gently  between  lilt 
bottom  and  the  surface  of  the  contents  Id 
detect  any  leaks  in  the  apparattis.  Readjusli 
if  necessary.  Heat  gently  to  drive  out  the 
air,  and  when  it  is  judged  that  the  gas  whidi 
is  being  evolved  is  ethylene,  collect  two 
bottles.  As  the  heat  increases,  the  mixture 
is  apt  to  froth  or 
"  bump  " ;  sometiniB 
the  gas  is  evolved  sud- 
denly. Hence  the  heat 
must  be  so  regulated 
that  the  evolution  of 
gas  is  slow.  Especial 
care  must  be  taken  not 
to  heat  the  test  tube 
above  the  surface  nf 
the  contents,  otherwise 
a  sudden  movement  of  the  hot  liquid  might  crack  the  test  tube.  As  soon 
as  the  gas  has  been  collected,  remove  the  tube,  H,  from  the  water,  and 
if  the  ethylene  is  still  being  evolved,  stand  the  apparatus  in  the  hood. 
When  the  tube,  A,  is  cool  enough  to  handle,  pour  the  contents  do"ii 
the  sink  or  into  a  receptacle  especially  provided  for  dangerous  mixtures. 
Test  the  gas  by  holding  a  lighted  match  at  the  mouth  of  a  botflc. 
Observe  and  record  the  color  and  temperature  of  the  flame,  its  luminos- 
ity, rapidity  of  combustion,  visible  products,  and  any  other  chatactet- 
istic  properties.  Repeat  with  the  other  bottle,  and  carefitlly  obsef^ 
properties  needing  confirmation.  Add  a  little  limewater  to  one  of  the 
bottles  in  which  the  gas  was  burned,  shake,  and  explain  the  rwill. 
What  evidence  does  this  experiment  present  regarding  the  composidM 
of  ethylene? 

Experiment   72. — Frepaiatloii  and  Fropertdes    of    AostTlAM 

Fill  a  test  tube  nearly  full  of  water,  stand  the  test  tube  in  a  rack,  V»i 
drop  two  or  three  very  small  pieces  of  calcium  carbide  into  the  Its' 


Fig.  107. — Apparal 


i  for  preparing  ettiylen 


tube.  Acetylene  is  evolved.  After  the  action  has  proceeded  long 
enough  to  expel  the  air,  light  the  gas  by  holding  a  lighted  match  at 
the  mouth  of  the  tube.     Observe  and  record  the  nature  of  the  flame. 

Attach  an  acetylene  burner  by  a  sliort  rubber  tube  to  a  short  glass 
tube  inserted  in  a  one-hole  rubber  stopper.  Put  lo  cubic  centimeters 
of  water  in  ;i  test  tulje,  drop  in  .1  very  small  lump  of  calcium  carbide, 
insert  the  stopper,  and  light  the  gas  cautiously.     Describe  the  flame. 

Experimeat  73, — Preparatloii  and  Fropeitiea  of  niomlnatlog 
(Coal)  Qas.  (Teachei's  Bxpeilment.)  MaUriah:  Soft  coal,  asbeatos, 
Dneumalic  trough  filled  as  usual,  three  bottles,  litmus  paper,  filter  paper, 
lead  acetate  (or  nitrate)  solution.  The  fl//ijn!/«j  is  shown  in  Figure  108. 
i4-4' is  an  ignition  tube  from  10  to  15  centimetera  (4106  inches)  long,  A 
spiral  of  copper  wire  is  placed  near  A',  and  the  tube  is  supported  by  a 


I 

^Hotunp  between  the  wire  and  the  end  of  the  tube.  An  empty  teat  tube 
^1  cr  bottle  is  connected  with  the  combustion  tube  by  a  bent  tube  passing 
to  the  bottom  of  B;  this  vessel  retains  tarry  matter,  which  comes  from 
the  ignition  tube.  The  U-tube  contains  moistened  pink  litmus  paper 
In  the  limb  C,  and  a  narrow  strip  of  filter  paper  moistened  with  a  lead 
compound  (nitrate  or  acetate)  in  the  limb  C,  the  latter  serving  to  detect 
hydrogen  sulphide.  The  bottle,/',  which  maybe  any  convenient  size, 
is  connected  as  shown  in  the  ligure,  and  Is  to  be  one  third  full  of  lime- 
water.  The  tube,  £",15  lobe  connected  with  a  delivery  tube  passing  into 
K  pneumatic  trough  arranged  to  collect  a  gas  over  water. 

Fill  AA'  two  thirds  fiill  of  coariely  powdered  soft  coal,  which  should 
be  held  in  place  with  a  loose  plug  of  shredded  asbestos.  See  that  all 
connections  are  gas-tight  by  heating  the  Ignition  tube  gently;  if  the 
apparatus  is  light,  the  expanded  air  will  bubble  through  the  bottle  D. 
Readjust,  if  necessary. 
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Heat  the  whole  ignition  tube  gently  at  tirst,  and  gradually  incrcaK 
the  heat,  but  avoid  heating  either  end  very  hot,  otherwise  the  dosed 
end  may  soften  and  burst  or  the  rubber  stopper  may  melt.  As  the  heal 
increases,  vratch  for  marked  changes  in  B,  CC,  and  JJ.  As  soon  as  the 
slow  bubbling  shows  that  all  air  has  been  driven  out  of  the  appaiatus. 
collect,  as  previously  directed,  two  bottles  of  the  gas  evo!ved.  Cover 
the  bottles  with  wet  finer  paper  as  soon  as  they  are  removed  fi:om.thc 
trough.  When  the  last  bottle  has  been  removed,  disconnect  the  if- 
paratus  at  any  convenient  point  between  A'  and  C.  Let  the  ignition 
tube  cool. 

Teat  the  gas  by  holding  a  lighted  match  near  the  mouth  of  a  bottle. 
Observe  and  recoid  the  color  and  heat  of  the  flame.  Is  smoke  formed-' 
Repeat  with  the  remaining  bottle,  and  observe  more  closely  any  bxM 
suggested,  but  not  clearly  shown,  by  the  first  observations. 

Examine  the  contents  of  the  ignition  tube.  Does  it  resemble  coke 
or  some  form  of  carbon  ?  Examine  the  bottle,  B,  for  tarry  matter, 
Does  the  paper  in  C  show  the  formation  of  ammonia  ?  If  the  paper  in 
C  is  black  or  brown,  it  is  caused  by  lead  sulphide,  which  is  formed  by 
the  interaction  of  hydrogen  sulphide  and  a  lead  compound.  Did  the 
gas  contain  hydrogen  sulphide  ?  Did  the  botUe,  £>,  show  the  Ibnialion 
of  carbon  dioxide  ? 

Exercises  for  the  Class: 

(i)   Describe  briefly  the  whole  experiment. 

(a)    Sketch  the  apparatus. 

(3)    Summarize  the  properties  of  coal  gas. 

Elxpeilment  74.  —Combustion  of  lUumlnating  Oas.    Mating' 

Pointed  glass  tube  (see  Int.  §  3  (c)),  bottle,  limewater. 

Remove  the  Bunsen  burner  from  the  rubber  connection  tube  and 
replace  it  by  a  glass  lube  widi  a  small  opening.  Light  the  ga*,*** 
lower  a  small  flame  into  a  coid,  dry  bottle.  Observe  at  once  flie  niosl 
definite  result  inside  the  bottle.  Remove  and  extinguish  the  fi«M. 
add  a  little  limewater  to  the  bottle,  and  shake.  What  arc  the  two 
products  of  the  combustion  of  coal  gas? 

Bxperlment  75.  —  Constmctlon  of  a  Buiuen  Bnnwc 
Take  apart  a  Bunsen  burner  and  study  the  construclion.    W)j' 
a  short  description  oi  the  bntnev .    Sk-W*. '0>\«,  ta^o.'rai -~"^^ 
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teriment  76. — Bunsen  Burner  Flame.  Materials:  Glass  tube, 
red  wood  charcoal,  pin,  copper  wire,  wire  gauze. 

%)  Close  the  holes  at  the  bottom  of  a  Bunsen  burner  and  hold  a 
ube  in  the  upper  part  of  the  flame.  Note  the  black  deposit. 
is  it?  Where  did  it  come  from?  Open  the  holes  and  hold  the 
led  tube  in  the  colorless  flame.  What  becomes  of  the  deposit? 
s  the  flame  changed,  if  at  all?  What  does  the  experiment 
t  about  the  luminosity  of  flame? 

Dip  a  glass  tube  a  short  distance  into  powdered  wood  charcoal, 
he  end  containing  the  charcoal  in  one  of  the  holes  at  the  bottom 
burner,  and  blow  gently  two  or  three  times  into  the  other  end. 
be  and  explain  the  result.  Does  it  verify  the  answer  to  the  last 
)n  in  {a)  ? 

Open  and  close  the  holes  of  a  lighted  burner  several  times, 
be  the  result.  Pinch  the  rubber  tube  to  extinguish  the  flame, 
ght  the  gas  at  the  holes.  What  change  is  produced  in  the  flame? 
causes  the  change? 

wer: 

What  is  the  object  of  the  holes? 

Why  does  the  gas  burn  at  the  top  and  not  inside  of  the  burner? 
Why  does  the  flame  sometimes  "  strike  back  "  and  bum  inside  ? 
Why  is  the  Bunsen  flame  nonluminous  ? 

[a)  Hold  a  match  across  the  top  of  the  tube  of 
ed  Bunsen  burner.  When  it  begins  to  burn, 
I  and  extinguish  it.    Note  where  it  is  charred, 

and  explain  the  result. 
Press  a  piece  of  wire 
gauze  down  upon  the 
flame.  Describe  the 
appearance  of  the  gauze. 
The  same  fact  may  be 
shown  by  sticking  a  pin  through  a  (sul- 
phur) match,  suspending  it  across  the  F1G.109.— Sul- 
bumer,  and  then  lighting  the  gas.    The    phur  match  sus- 

position  of  the  match  is  shown  in  Figure  pended  across  the 

,^        rw,  r  11  top  of  a  Bunsen 

,.    r  109-    Turn  on  a  full  k™^.. 

IG.  no.— Bent  tube  for  ex-  ^  -  ,     -  burner. 

ning  the  structure  of  a  Bun-     current  of  gas  before 

flame.  lighting    it.     What    do^^  ^"fc  ^"W^ 
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T  by  (*). 


of  the  lower  part  of  the  Buu^n 


experiment  show  about  the 
flame  ?    Verify  your  a 

(S)  Bend  a  glass  tube  about  15  centimeters  (6  inches)  long  into 
the  shape  shown  in  Figure  no.  Hold  the  shorter  arm  in  the  flaim 
about  2  centimeters  (1  inch)  from  the  lop  of  the  burner  tube.  Hold 
a  lighted  match  for  an  instant  at  the  upper  end  of  the  tube.  Whit 
does  the  result  show  about  the  structure  of  the  Bunsen  flame?  Does  it 
verify  (fl)? 

(c)  Find  the  hottest  part  of  the  fiame,  when  a  foil  current  of  gas  is 
burning,  by  holding  a  copper  wire  in  the  flame.  Measure  its  distauK, 
approximately,  from  the  top  of  the  burner  lube. 

{d)  Examine  a  typical  Bunsen  flame  —  one  which  shows  dearly  lliE 
outlines  of  the  inner  part.  What  is  the  general  shape  of  each  nuia 
part?    Draw  a  vertical  and  a  cross  section  of  the  flame. 


I 


Experiment  77.  —  Candle  Flame.  Materials:  Candle,  two  blocb 
of  wood,  bottle,  piece  of  stiff  white  paper,  limewater,  matches,  [amp 
chimney,  copper  wire  (  15  centimeters  or  6  inches  long). 

Attach  a  candle  to  a  block  of  wood  by  means  of  a  little  melted  candle 
wax,  and  proceed  as  follows : — 

(a)  Hold  a  cold,  dry  bottle  over  the  lighted  candle.  Describe  tbe 
reault  produced  inside  the  bottle.  What  is  the  product?  Whit  is  its 
source  ?  Remove  the  bottle,  pour  a  little  limewater  into  it,  and  shake. 
Describe  and  explain  the  result.  What  are  the  two  main  products  of  » 
burning  candle? 

{b)  Blow  out  the  candle  flame,  and  immediately  hold  a  lighted  matcli 
in  the  escaping  smoke.  Does  the  candle  relight?  Why?  Whatiitbt 
general  nature  of  this  smoke?  How  is  it  related  to  the  candle  wax? 
How  do,  s  (i)  contribute  to  the  explanation  of  (n)  ? 

{c)  Press  a  piece  of  stiff'  white  paper  for  an  instant  down  upon  the 
candle  flame  almost  to  the  wick.  Repeat  several  times  with  differtnl 
parts  of  the  paper.  What  does  the  paper  show  about  the  structure  of 
the  fiame  ? 

(rf)   Stand  a  lamp  chimney  over  the  lighted  candle.     How  is  ihe 
flame  affected?     Hold  the  chimney  a  short  distance  (i  ceniimelci  or 
.5  inch)  above  the  block.     Does  the  candle  continue  lo  burn?    Whyf 
Keep  the  chimney  in  the  same  -^qWaVotx  aad  cover  the  top  with  ^J^^ 
of  wood.     WhattsthetesuW    '^Vjl 
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(e)  Roll  one  end  of  the  copper  wire  around  a  lead  pencil  to  form  a 
Diral  about  (2  centimeters  or  i  inch)  long.  Press  the  spiral  down 
pon  the  candle  flame.    What  is  the  result?    Why  ? 

Exercises  : 

(i)   Draw  a  candle  flame,  showing  the  parts. 

(2)  What  is  the  essential  difference  between  a  candle  flame  and  a 
uasen  flame? 

(3)  Is  there  any  essential  difference  between  a  candle  flame  and  a 
as  or  a  lamp  flame  ? 

(4)  Why  do  candles  and  lamps  often  smoke? 

Experiment  78.  —  Kindling  Temperature. 

(a)  Press  a  wire  gauze  down  upon  a  Bunsen  flame.  Where  is  the 
ame?  Let  the  gauze  cool,  lower  it  upon  the  flame,  and  hold  a  lighted 
latch  just  above  the  gauze.     Now  where  is  the  flame  ? 

(^)  Extinguish  the  flame.  Turn  on  the  gas,  hold  the  gauze  in  the 
scaping  gas,  about  15  centimeters  (6  inches)  above  the  top  of  the 
urner,  and  thrust  a  lighted  match  into  the  gas  above  the  gauze.  Where 
i  the  flame  ?    Lower  the  gauze  slowly  and  describe  the  final  result. 

(c)  Hold  the  gauze  in  the  flame  in  one  position  for  a  minute  Or  two. 
Vhere  is  the  flame  at  the  end  of  this  time  ?    Why  ? 

Exercises  : 

(i)  Define  kindling  temperature. 

(2)  What  application  is  made  of  the  principle  illustrated  by  this 
xperiment  ? 

(3)  State  exactly  how  this  experiment  illustrates  kindling  tempera- 
ure. 

Bzperiment  79. — Reduction  and  Oxidation  i^ith  the  Blow- 
dpe.  Materials:  Blowpipe,  blowpipe  tube,  charcoal,  lead  oxide 
litharge),  sodium  carbonate,  sodium  sulphate,  wood  charcoal,  silver 
oin,  zinc,  lead,  tin. 

Slip  the  blowpipe  tube  into  the  burner,  light  the  gas  and  lower  the 
lame  until  it  is  about  4  centimeters  (1.5  inches)  high.  Rest  the  tip  of  the 
dowpipe  on  the  top  of  the  tube,  placing  the  tip  just  within  the  flame, 
^ut  the  other  end  of  the  blowpipe  between  the  lips,  puff  out  the  cheeks, 
nhale  through  the  nose,  and  exhale  into  the  tube,  using  the  cheeks  some- 
what as  a  bellows.  Do  not  blow  in  puffs,  but  produce  a  corvtvawows  ^o^ 
>f  air  by  stead/  and  easy  inhaling  and  exhaling.    TVi^  op^t?i\\oTL\s»  wa.\.- 
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■intl  and  simple,  and,  if  properly  performed,  will  not  make  odc  out  A 
breath.  The  flame  should  be  an  inner  blue  cone  surrounded  by  an  ouiet 
and  almost  iavisibk  cone,  though  its  shape  varies  with  the  method  of 
production  (see  Fig.  44).  Practice  until  the  llame  is  produced  volmi- 
tarily  and  without  exhaustion.  Watch  the  flame  and  learo  ti 
gubh  the  two  parts,  so  that  they  may  be  intelligently  utilized- 

1.  Rtduciion.  (<i)  Make  a  shallow  hole  at  one  end  of  the  fiat  side  o( 
a  piece  of  charcoal-  Fill  the  hole  with  a  mixture  of  equal  parts  of  pfl«- 
dered  sodium  carbonate  and  lead  oxide,  and  heat  the  mixture  in  llie 
redudng  flame.  The  sodium  carbonate  melts  and  assists  the  &£iaa 
of  the  oxide,  but  the  former  is  not  changed  chemically-  In  a  short  tii 
blight,  silvery  globules  will  appear  on  the  charcoal.  Let  the  mass  CO 
and  pick  out  the  lax^st  globules.  Put  one  or  two  in  a  mortar,  and  slrii:e 
with  a  pestle.  Are  they  soft  and  malleable,  or  brittle  and  hard  ?  SliK 
the  result  when  a  globule  is  drawn  across  or  rubbed  upon  a  white  pap([- 
How  do  the  properties  compare  with  those  of  metallic  lead  ?  What  bis 
become  of  the  oxygen  ?    Of  what  chemical  use  is  the  charcoal  ? 

(#)  Grind  together  in  a  mortar  a  little  sodium  sulphate  and  wood 
charcoal,  adding  at  intert'als  just  enough  water  to  hold  the  mass  to- 
gether- Heat  this  paste  for  a  few  minutes  in  the  reducing  flame  as  \^ 
(n).  Scrape  the  fused  mass  into  a  test  tube,  boil  in  a  little  water,  wit 
put  a  drop  of  the  solution  on  a  bright  snvo-  coin.  If  a  dark  brown  slaia 
is  [Htidiice^  it  b  evidence  of  the  fonnadoo  of  silver  sulphide.  Rqie^ 
if  DO  such  stain  ts  produced.  Stale  all  the  chemical  changes  which  le' 
to  the  production  of  the  silver  sulphide,  explaining  at  the  same  tiiw 
how  the  experiment  illustrates  reduction. 

n.  OxidatioK.     (ii)  Heat  a  smaD  piece  of  zinc  c 
wddixiag  flame.    What  b  the  prodact  ?    Obsore  its  color,  and  the  adc 
of  the  OMiiiig  on  the  charcoal  irtien  hot  and  cold.    Recon)  a: 

(i)  Hatai^eceof  lead  zs  io  (4).  Ofascrrc  dtc  presence  or  abaence 
of  fiimes.  as  well  as  (he  color  of  the  coaling  when  hot  and  cold.    See  i.^- 

(c)  HeMasnanfueccof  tinintheoxidiangftame.  Observeasiii(f). 

(<0  TUHiUte  the  abon  oteemtioof,  slating  (1)  tbe  color  of  ibc 
hot  utd  cold  coating  00  ^  charcoal,  (i)  pteseaoe  or  absence  of  iinDS 
^)  UBM  of  product. 

EXKRCISXSt 

(t)  Sketch  kUow^pc. 
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FLUORINE,  BROMINE,  AND  IODINE. 

Szperiment  80.  —  Preparation  and  Properties  of  Hydrofluorio 
Acid.  Materials :  Lead  dish,  glass  plate,  paraffin,  file,  calcium  fluoride, 
concentrated  sulphuric  acid. 

FrecautiQn.  Hydrofltioric  acid  gas  is  a  corrosive  poison.  An  aque- 
ous solution  of  the  gas  —  commercial  hydrofluoric  acid —  burns  the  flesh 
frightfully. 

Warm  a  glass  plate  about  10  centimeters  (4  inches)  square  by  dipping 
it  into  hot  water  or  by  standing  it  near  a  warm  object,  such  as  a  radiator. 
If  it  is  held  over  a  flame,  it  is  liable  to  crack.  Coat  one  surface  with 
paraffin.  The  surface  should  be  uniformly  covered  with  a  thin  layer. 
Scratch  letters,  figures,  or  a  diagram  through  the  wax  with  a  file.  Be 
sure  the  instrument  removes  the  wax  through  to  the  glass,  and  that  the 
lines  are  not  too  fine. 

Put  5  grams  of  calcium  fluoride  in  a  lead  dish  and  add  just  enough 
concentrated  sulphuric  acid  to  form  a  thin  paste.  Stir  the  mixture  with 
a  file.  Place  the  glass  plate,  wax  side  down,  upon  the  lead  dish  and 
stand  the  whole  apparatus  in  the  hood  for  several  hours,  or  until  some 
convenient  time.  Remove  the  plate.  Scrape  the  contents  of  the  dish, 
immediately,  into  a  waste  jar  in  the  hood,  and  wash  the  dish  firee  from 
add.  Most  of  the  wax  can  be  scraped  from  the  glass  plate  with  a  knife. 
The  last  portions  can  be  removed  by  rubbing  with  a  cloth  moistened 
with  alcohol  or  turpentine.  Do  not  attempt  to  melt  off 
the  wax  over  the  flame.  If  the  experiment  has  been 
properly  performed,  the  plate  will  be  etched  where  the 
glass  was  exposed  to  the  hydrofluoric  acid  gas. 


ZSzperiment  81.  —  Preparation  and  Properties  of 
Bromine.  Materials :  Potassium  bromide,  manganese 
dioxide,  dilute  sulphuric  acid,  bottle  of  water,  test-tube 
holder.  The  apparatus  is  shown  in  Figure  in.  The 
large  test  tube  is  provided  with  a  one-hole  nibber 
stopper  to  which  is  fitted  the  bent  glass  tube.  The 
latter  is  about  30  centimeters  (12  inches)  long,  and  is 
bent  according  to  the  directions  given  in  the  Introduc-  ^^^^^^^^  ^^^  ^^^. 
tion,  §  3  (Jb),  pa.t\xi^>atcixcC\w^. 
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liquid  which  forms,  ai  tb 
r.    Perform  in  tht  hood^ 


Piecautlon.  Bromine 
ordinary  innperaiure,  a  s 
txperinuKts  which  use  or  evolve  bromine. 

Put  a  dozen  crystals  of  potassium  bromide  in  the  test  tube,  add  an 
equal  quantity  of  manganese  dioxide  and  lo  cubic  centimeters  of  dilule 
sulphuric  acid.  Insert  the  stopper  and  lis  tube  securely,  and  boil 
genlly.  Do  not  hoid  the  test  tube  in  the  hand,  but  use  the  test  lube 
holder.  Brown  fumes  soon  appear  in  the  test  tube  and  pass  out  of  the 
delivery  tube.  Regulate  the  heating  so  that  this  vapor  will  condenw 
and  collect  in  the  lower  bend  of  the  delivery  tube.  Both  vapor  aod 
liquid  are  bromine.  When  no  further  boiling  produces  bromine  vapor 
in  the  test  tube,  pour  the  bromine  from  the  delivery  tube  into  a  botlle 
of  water.  Observe  and  record  the  physical  properties  of  this  bromine, 
especially  the  color,  solubility  in  water,  specific  gravity,  volalilily,  and 
physical  state.  Try  the  action  of  the  contents  of  the  bottle  on  lilmu! 
paper;  if  the  action  is  not  marked,  push  the  paper  down  near  the  bro- 
mine. Determine  the  odor  by  smelling  cautio-usly  of  the  water  in  tht 
bottle.  As  soon  as  these  observations  have  been  made,  pour  the  eon- 
tents  of  the  bottle  into  the  sink  and  flush  with  water,  or  pour  into  a  jtf 
in  the  hood.  Wash  the  test  tube  free  from  all  traces  of  bromine,  taking 
care  to  get  none  on  the  hands. 

Answer  : 

(i)  In  what  ways  does  bromine  physically  resemble  chlorine?  !■ 
what  ways  does  it  differ  from  chlorine? 

(3)  How  is  it  essentially  different  from  all  other  elements  previoujij 
studied? 

Experiment  82,  —  PropertiBa  of  Potaialum  Bromide.    MaterkUi 

Potassium  bromide,  silver  nitrate  solution,  ammonium  hydroxide. 

Examine  a  crystal  of  potassium  bromide,  and  stale  its  most  obvious 
properties.  Dissolve  it  in  a  test  tube  half  full  of  water,  and  add  t  fc* 
drops  of  silver  nitrate  solution.  Describe  the  result.  Is  tlie  solid  prod- 
uct soluble  in  ammonium  hvdroxide?  How  can  bromides  be  dilliii' 
guished  from  chlorides  ?  Do  the  properties  of  bromides,  typified  by 
potassium  bromide,  suggest  any  marked  relation  to  chlorides? 

Experiment  B3.  —  Preparation  and  Propertiea  of  Iodine.    M» 

terials:  Potassium  iodide,  manganese  dioxide,  mortar  and  pesd^O^ 
cenlrated  sulphuric  add,  fe).nne\, 
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Grind  together  in  a  mortar  a  dozen  large  crystals  of  potassium  iodide 
and  about  twice  the  bulk  of  manganese  dioxide.  Put  the  mixture  in  a 
test  lube  provided  with  a  holder,  moisten  with  water,  and  add  a  few 
cubic  centimeters  of  concentrated  sulphuric  acid.  Plug  with  cotton  the 
inside  opening  of  a  funnel,  and  hold  the  latter  firmly  over  the  mouth  of 
the  test  tube.  Heat  the  test  tube  gendy  with  a  low  flame  (5  centime- 
ters or  2  inches).  The  vapor  of  iodine  will  fill  the  test  tube,  and  crys- 
tals wili  collect  in  the  upper  part  of  the  test  tube  and  in  the  funnel. 
If  the  crystals  collect  in  the  test  tube,  a  gentle  heat  wiil  force  them 
into  the  funnel.  Continue  to  heat  until  enough  iodine  collects  in  the 
funnel  for  several  experiments.     Scrape  the  crystals  into  a  dish. 

Study  the  properties  as  follows ;  — 

(«)  Observe  and  record  the  physical  properties  of  iodine,  especially 
the  color  of  the  solid  and  of  the  vapor,  volatility,  and  odor  (cautiously), 

(*)  Heat  a  crystal  in  a  dry  test  tube,  and  when  the  lube  is  half  full 
of  vapor,  invert  it.  What  does  the  result  show  about  the  density  of 
iodine  vapor? 

(c)  Touch  a  crystal  with  the  finger.  What  color  is  the  stain?  Will 
water  remove  il?  Will  alcohol?  Will  a  solution  of  pola-ssiura  iodide? 
What  do  these  results  show  about  the  solubility  of  iodine? 

(Note.  —  If  crystals  are  left,  use  them  in  the  next  experiment.  Pre- 
serve in  a  stoppered  bottle.) 

Experiment  84. — Teat   for    Iodine   iritli    Carbon   Dlsulphlde. 

Materials^  Iodine,  potassium  iodide,  carbon  disulphide,  chlorine  water. 

Precaution.  Carbon  disulphide  is  inflammable.  It  should  not  be 
used  near  flames. 

(a)  Free  iodine.  Add  a  few  drops  of  carbon  disulphide  to  a  very 
dilute  solution  of  iodine,  made  by  dissolving  a  crystal  of  iodine  in  a 
solution  of  potassium  iodide,  and  observe  Ihe  color  of  the  carbon  disul- 
phide, which,  being  much  heavier  than  water,  will  sink  to  the  bottom  of 
ihe  test  tube.     How  does  it  resemble  the  color  of  iodine  vapor  ? 

(i)  Combined  iodine.  Add  a  few  drops  of  carbon  disulphide  to  a 
very  dilute  solution  of  potassium  iodide.  Is  there  positive  evidence  of 
iodine  ?  Now  add  several  dro|)s  of  chlorine  water,  and  shake.  How 
does  this  result  compare  with  the  final  result  in  (a)  ?  The  result  is  due 
to  the  fact  that  chlorine  liberates  iodine  from  its  compounds,  and  the 
iodine,  being  free,  exhibits  the  characteristic  colot. 
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Experiment  85.— Test   toi   Iodine   with    Starch.     Mattri^ 
Slarch,  mortar  and  pestle,  iodine  solution,  potassium  iodide,  chlorint 


Grind  a  lump  of  starch  in  a  mortar  with  a  little  water  lo  creamy  con- 
sistency.    Pour  this  into  about  loo  cubic  centimelers  of  boilinj;  water, 

and  stir  the  hot  liquid.  Allow  it  to  cool,  or  cool  it  by  holcfing  (be 
vessel  in  a  stream  of  cold  water,  and  then  pour  off  the  dear  liquid 
Use  this  cold  slarch  solution  to  test  for  iodine. 

(a)  Free  iodine.  Add  a  few  cubic  centimeters  of  (he  starch  solntim 
to  a  test  tube  nearly  fiill  of  water,  and  then  add  a  few  drops  of  iodiiK 
solution.  The  deep  blue  color  is  due  to  the  presence  of  a  compouod 
which  is  always  formed  under  these  circumstances,  but  the  composition 
of  which  is  unknown.  If  the  color  is  black,  pour  out  half  of  the  liqirid 
and  add  more  water,  or  pour  some  of  the  liquid  into  a  dish  of  water. 

{b)  Combined  iodine.  Add  a  few  cubic  centimeters  of  the  starcli 
solution  to  a  very  dilute  solution  of  potassium  iodide.  Is  the  blue  com- 
pound formed  ?  Add  a  few  drops  of  chlorine  water,  and  shake.  Com- 
pare with  the  final  result  in  Experiment  84  (b). 

Experiment  86.— DeteoUon  of  Starob  by  Iodine.    Materiidi; 

Dilute  solution  of  iodine  (in  potassium  iodide),  mortar  and  pesd^ 
potato,  rice,  bread. 

Test  the  potato,  rice,  and  bread  for  starch  by  grinding  a  litdeofe»cli 
with  water  in  a  mortar,  and  then  adding  a  few  drops  of  the  extract  10  a 
very  dilute  solution  of  iodine.     Stale  the  result  in  each  case. 

Experiment  87. —FropartieB  of  FotasBinm  Iodide.    Materi^i 

Potassium  iodide,  silver  nitrate  solution,  ammonium  hydrojdde. 

Proceed  with  the  potassium  iodide  as  in  Experiment  83. 

How  can  iodides  be  distinguished  ft^m  chlorides  ?  Do  iodides, 
typified  by  potassium  iodide,  suggest  any  marked  reiatioD  lo  broralda 
and  chlorides  ? 

SULPHUR  AND  ITS  COMPOUNDS. 

Experiment  88.  —  Propertlee  of  Sulphtir. 

{a)  Examine  a  lump  of  sulphur,  and  state  briefly  its  most  obvloos 
physical  properties. 

(i)    Oplionifl.    Weigh  a  lump  of  roll  sulphur  to  a  decigram.    SUpil 
into  a  graduated  cyWtiiw  ^xe■^\^s^Ja\■3  ^\tii  with  water  > 
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known  point  —  about  half  full  —  and  note  the  increase  in  the  volume  of 
water.  This  increase  in  volume  is  equal  to  the  volume  of  the  sulphur. 
Calculate  the  specific  gravity  of  sulphur  from  the  observed  data. 

(Note. —  Specific  gravity  equals  weight  in  air  divided  by  weight  of 
equal  volume  of  water.) 

Ezperiment  89.  —  Amorphous  Sulphur.  Materials  i  Sulphur,  old 
test  tube,  evaporating  dish. 

Put  a  few  pieces  of  roll  sulphur  in  an  old  test  tube.  Heat  carefully 
until  the  sulphur  boils,  and  then  quickly  pour  the  contents  of  the  test 
tube  into  a  dish  of  cold  water.  This  is  amorphous  sulphur.  Note  its 
properties.  Preserve,  and  examine  it  after  twenty-four  hours.  Describe 
the  change,  if  any. 

Define  amorphous,  and  illustrate  it  by  this  experiment. 

Bzperiment  90.  —  Crystallized  Sulphur. ^  Materials:  Sulphur 
(roll),  folded  filter  paper,  funnel,  carbon  disulphide,  evaporating 
dish. 

{a)  Monoclinic,  Fix  a  folded  filter  paper  firmly  in  a  fiinnel,  and 
place  the  funnel  in  a  test  tube  which  stands  in  a  rack.  Fill  another 
test  tube  two  thirds  full  of  roll  sulphur,  heat  it  throughout  its  length  at 
first,  then  melt  the  sulphur  and  quickly  pour  it  upon  the  filter  paper. 
Let  it  cool  until  crystals  appear  below  the  surface,  then  pour  out  the 
remaining  melted  sulphur.  Observe  and  record  the  properties  of  the 
crystals,  especially  the  shape,  size,  color,  luster,  brittleness,  and  any 
other  characteristic  property.  Allow  the  best  crystals  to  remain  un- 
disturbed for  a  day  or  two;  then  examine  again,  and  record  any 
marked  changes. 

(6>)  Orthorhombic,  Put  3  grams  of  roll  sulphur  in  a  test  tube  and 
add  about  10  cubic  centimeters  of  carbon  disulphide  —  remember  the 
precaution  to  be  observed  in  using  this  liquid  (see  Exp.  84).  Shake 
until  most  of  the  sulphur  is  dissolved,  then  filter  the  solution  into  an 
evaporating  dish  to  crystallize.  It  is  advisable,  and  often  abso- 
lutely necessary,  to  stand  the  dish  in  the  hood  or  out  of  doors,  where 
there  is  no  flame  and  where  the  offensive  vapor  will  be  quickly 
removed.  Watch  the  crystallization  toward  the  end,  and,  if  perfect 
crystals  form,  remove  them  with  the  forceps  (see  Fig.  49).     Allow  the 

I  See  Appendix,  §  3  fe),  (§>• 
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liquid  to  evaporate  almost  entirely,  then  remove  and  dry  the  crystals 
Examine  them  as  in  (a)  and  record  their  properties. 
Exercises  : 

(1)  Tabulate  the  essential  results  in  (a)  and  (A). 

(2)  Make  an  outline  sketch  of  an  orthorhombic  crystal  of  sulphur. 

Experiment  91.  —  Combining  Power  of  Sulphur.  Materialii 
Sulphur,  deflagrating  spoon,  bottle,  iron  powder,  hydrochloric  add. 

(a)  Set  fire  to  a  little  sulphur  in  a  deflagrating  spoon,  and  lowu 
the  spoon  into  a  bottle.  Cautiously  waft  the  fumes  toward  the  nose, 
and  observe  and  describe  the  odor.  The  product  is  a  mixture  of  two 
oxides  of  sulphur.  What  does  their  formation  show  about  the  comMn- 
ing  power  of  sulphur  ? 

(i)    Repeat  Experiment  34. 

Results  similar  to  that  in  (f }  are  obtained  with  copper  and  otbo' 
metals.  Draw  a  general  conclusion  regarding  the  power  of  sulphur  to 
combine  with  metals. 

Bxperlment  92.  —  Snlpbur  and  Hatobei. 

(a)    Examineasulphurmatch.    Do  youdetectanysulphur?  Where? 
{b)    Light  a  sulphur  match,  and  observe  the  entire  action,  as  £u  as 
the  sulphur  is  concerned.     Describe  it. 

(i-)   What  is  the  function  of  the  sulphur  in  a  burning  match? 

Experiment   93. — Preparation   of    Hydrogen   Sulphide,    i^^ 

rials  t  Ferrous  sulphide,  dilute  hydrochloric  add,  three  bottks,  three 
glass  plates,  stoppered  bottle,  litmus  paper.  Use  the  same  apparahu 
as  in  Experiment  38. 

Precaution.  Hydrogen  sulphide  is  a  poisontms  gas  and  Jtai  *» 
offemivt  odor.  It  should  not  be  inhaled.  Perform  in  the  Aood  aStx- 
perimtnts  evolving  hydrogen  sulphide. 

(a)  Construct  and  arrange  an  apparatus  like  that  shown  in  F^ure  10*. 
Fill  the  test  tube,  A,  one  third  full  of  coarsely  powdered  ferrous  suIpUde. 
insert  the  stopper  tightly,  pour  enough  hydrochloric  add  thrxHigb  the 
safely  tube  to  cover  the  contents  of  the  test  tube.  Hydrogen  sulpJiiil* 
gas  b  rapidly  evolved.  If  the  evolution  of  gas  slackens  or  stops,  "an" 
gently  or  add  more  hydrochloric  acid.  Collect  three  bottles,  temoviag 
each  as  soon  as  full  and  covering  with  a  glass  plate.  Set  aside  Ml) 
needed. 


-(:«)  As  s. 
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3  place  a  bottle  one  fourth  full  of  water.  Adjust  its  height  (by 
■wooden  blocks  or  by  lowering  the  generator)  so  that  the  end  of  the 
delivery  tube  readies  to  the  bottom  of  tlie  bottle.  Continue  to  pass 
the  gas  into  the  water,  by  heating  the  test  lube  if  necessary.  The  gas 
will  be  absorbed  by  the  water,  forming  hydrogen  sulphide  water. 
Preserve  it  in  a  stoppered  bottle  for  Experiment  9;. 

Proceed  at  once  with  next  experiment. 

Experiment  94.  —  Fropertiea  of  Hydrogen  Sulphide  Oas. 

Study  as  follows  the  hydrogen  sulphide  gas  prepared  in  Experi- 


(a)  Waft  a  little  of  the  gas  cautiously  toward  the  nose,  and  describe 
the  odor.  This  is  characteristic  of  hydrogen  sulphide,  and  is  a  decisive 
test      Has  the  gas  color? 

ifi)  Test  the  gas  from  the  same  bottle  with  both  kinds  of  moist 
litmus  paper.     Is  it  acid,  alkaline,  or  neutral  f 

(c)  Bring  a  lighted  match  to  the  mouth  of  the  same  bottle.  Observe 
the  properties  of  the  flame  as  in  previous  experiments.  Observe  cau- 
tiously the  odor  of  the  product  of  the  burned  gas ;  to  what  compound 
is  the  odor  due?     What,  then,  is  one  component  of  hydrogen  sulphide? 

{d)  Bum  another  bottle  of  hydrogen  sulphide  and  hold  a  cold  bottle 
over  the  burning  gas.  What  additional  experimental  evidence  does  this 
result  give  regarding  the  composition  of  hydrogen  sulphide  ? 

{/)  Repeat  any  of  the  above  with  the  remaining  bottle  of  gas. 

Exercises: 

(1)  Summarize  the  properties  of  hydrogen  sulphide  gas. 

(2)  State  the  experimental  evidence  of  its  composition. 

Ezperlmeut  95.  —  Preparations  and  Properties  of    some   Sul< 

phldeB.  Materials:  Hydrogen  fiulphide  water  prepared  in  Ex|)eriment 
93,  clean  copper  wire,  clean  sheet  lead,  bright  silver  coin,  lead  oxide 
(litharge)  ;  solutions  of  lead  nitrate,  arsenic  trioxlde  (in  hydrochloric 
acid),  tartar  emetic,  zinc  sulphate. 

(a)  Shake  the  bottle  of  hydrogen  sulphide  water  prepared  in  Experi- 
ment 93  (or  a  similar  solution),  and  hold  successively  at  the  mouth  or 
in  the  neck  of  the  bottle  (1)  a  clean  copper  wire,  (a)  a  bright  strip 
of  lead,  and  (3)  an  untarnished  .silver  coin.  Describe  the  (eaull  im 
each  case.     These  comoounds  are  sulphides  oE  tVie  tesptctvse  wwMi.%- 
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{&)  Put  a  little  litharge  —  the  browniah  yellow  oxide  of  lead- 
In  a  test  tube,  cover  it  with  hydrogen  sulphide  water,  and  w*r 
gently.     The  product  is  lead  sulphide.     Describe  it.      Explain  it 

\_c)  Add  hydrogen  sulphide  water  to  lead  nhiate  solution.  The 
product  is  lead  sulphide.     Observe  the  color. 

(</)  Proceed  as  ia  (i)  with  the  atseotc  solutioD.  Observe  thecolor 
of  the  arsenic  sulphide. 

{e)  Proceed  as  in  (f)  with  the  tartar  emetic  solution.  Tartar  enetic 
is  a  compound  of  aatimony.  Observe  the  color  of  the  antimODji 
sulphide. 

(/)  Proceed  as  in  (c)  with  the  zinc  sulphate  solutnii.  <XMrvt  tiw 
color  of  the  zinc  sulphide. 

EKpiiiiwnt  96. — Fr^iuBtian  of  SolplHiT  Dioxide.  JtfiiUrMfr' 
Sodium  sulplute,  coDceniraKd  sulphuric  MJd.  litaiiK  P*pci  ^'"^ 
buttles,  two  glass  plates,  stick  of  wood,  fink  flower.  The  ^fittatat'n 
constiucted,  amnged.  and  used  as  in  Eaperimeat  41,  with  one  onp- 
tioa.  Tlte  saiely  tube  nrast  be  repbced  br  a  drof^MDg  Inbe  made  IbB^ 
Cm  4^ the  lop  of  a  thistle  tafae  about  3.5  CEOtimetefs  <i  inch)  btba 
the  juncture  of  the  seem  and  cnp.  slip  a  tUdc  tobber  ube  (j  centi- 
ateters,  s  indies.  k>i%  >  onr  OM  c«d  of  the  siem.  attach  a  Mofai^  poKb- 
CDck  to  the  n^>bcr  iabe,aad  oonaect  the  tube  with  the  o^ 

(«)  Put  about  lo  grans  of  sodhna  si^ihit«  in  the  Ivge  ttsi  tiAe< 
cover  with  watvc,  and  nkseit  dw  sSofipcr  wU  its  tnfaes.  A#bI  tieip- 
pKUKVSshowmiBFigaRiai.  FlltheavwithcofnentialidsalFfavit 
*dd,  pR»  Ae  pinAcDcka  fitde^  aod  kt  the  acid  Sow  ^^  >r  *^  ^M 
iImc  sodioM  sulphite.  Sn^ihv^  fiozidie  ps  b  ermhed  aad  poacs  iM> 
dw  botde,  which  sbooU  be  RBonvd  when  CA  »  pRnoKlT  desoiicd- 
Mobt  ttee  KOMB  p^M^  hdd  at  Ac  north  flf  the  bMde  win  dh0w  i*a 
ihelaNerii  U.  Ctofcct  tKt  botdcs  of  i^s,  covbt  each  wiA  a^ 
phlft.  smI  Ml  aside  i«3  needed 

(^  As  saw  K  th»  sraml  batde  of  gat  hw  kn  niiliw* 
WHwATMt  iKhsptoceahdtdeoaefawAfaarfwaMr.  A^tfb 
W^thl  <irK««sarr>  bv  •<»>*■  btw^  sa  ihrt  the  wf  «(  the  4*«T 
Mbeb^Bt^wceOeMftcx^  Csmwm  to  add  the  add  ^r^  ^tf*^ 
s.    Shafcclhehrtdi 
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Ezpeiimsnt  97.— Fropettles  of  Sulpbur  Dioxide  Oas. 

Proceed  as  follows  with  the  gss  prepared  in  Experiment  96  (a) :  — 

(a)  Observe  and  stale  the  most  obvious  physical  properties,  t-g: 
color,  odor  (cautiously),  density. 

(S)  Hold  a  blazing  stick  in  a  bottle  of  the  gas.  Wi!l  the  gas  burn 
or  support  combustion  ?  What  previously  acquired  iacls  would  have 
enabled  you  to  predict  this  result  ? 

(c)  Pour  water  into  the  same  bottle  of  sulphur  dioxide  until  half  full, 
cover  with  the  hand,  and  shake.  What  is  the  evidence  of  solution  ? 
Is  the  resulting  liquid  acid,  alkaline,  or  neutral  ? 

(rf)  Moisten  a  pink  flower  with  a  few  drops  of  water,  hang  It  in  the 
remaining  bottle  of  sulphur  dioxide,  holding  it  in  place  by  putting  the 
stem  between  the  glass  and  a  cork.  Observe  and  describe  any  change 
in  the  color  of  (he  Sower.    What  is  this  operation  called  i 


—  Properties  of  Sulphnrous  Acid. 

Test  as  follows  the  solution  of  sulphurous  acid  prepared  in  Experi* 
ment  g6  (i)  :— 

(a)   Taste  caulioiisly,  and  describe  the  result. 

(i)   Apply  the  litmus  lest,  and  state  the  result. 

(it)  Four  a  few  drops  of  concentrated  sulphuric  acid  into  the  bottle. 
What  gas  is  liberated  1 

Bzperiment  99. — Action  of  Sulphuric  Acid  with  Organio  Matter. 

Materials:  Concentrated  sulphuric  acid,  sheet  of  white  paper,  sugar, 
starch,  stick  of  wood. 

(a)  Write  some  letters  or  figures  with  dilute  sulphuric  acid  on  a  sheet 
of  white  paper,  and  move  the  paper  backand  forth  over  a  low  flame,  taking 
care  not  to  set  fire  to  the  paper.  As  the  water  evaporates  the  dilute 
acid  becomes  concentrated.  Observe  and  describe  the  result.  Paper  is 
largely  a  compound  of  carbon,  hydrogen,  and  oxygen,  and  the  hydrogen 
and  oxygen  are  present  in  the  proportion  to  form  water.  Explain  the 
general  chemical  change  in  this  experiment. 

{b)  Fill  a  lest  tube  one  fourth  full  of  sugar,  add  an  equal  bulk  of 
water,  stand  the  test  tube  in  the  rack,  and  add  cautiously  several  drops 
of  concentrated  sulphuric  acid.  If  there  is  no  decided  result,  add 
more  acid.  What  is  the  black  product  ?  Compare  the  final  tcsvAI's"*.'^ 
that  obtained  jii  EAperiraent  59  {b).    Isthe  cViem\ca\aji&t«ifti's'*a-"s»"''» 
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each  experiment  7  Are  the  statements  made  in  (a)  about  paper  also 
true  of  sugar  ? 

{c)  Repeat  (6),  using  powdered  starch"  instead  of  sugar.  Describe 
the  result.  How  does  the  result  resemble  that  in  (6)  and  in  Esperi- 
ment  59  (a)  ?  Predict  the  components  of  starch.  In  what  simple  waj 
may  the  prediction  be  verified  P 

{li)  Stand  a  stick  of  wood  in  a  test  tube  one  fourth  fiill  of  concen- 
trated sulphuric  acid.  Allow  it  fo  remain  in  the  acid  for  fifteen  minutes 
then  remove  the  stick  and  wash  oiF  the  acid.  Describe  the  change  in 
the  stick.  Does  it  resemble  that  in  (<ij,  (6),  and  (t),  and  in  Experiraenl 
59  C")? 

Experiment  100. —Teat  lor  Solphuiic  Aoid  and  Sulpbatw. 
MaUriah:  Sulphuric  acid,  sodiujn  sulphate,  barium  chloiide  soliitioD, 
calcium  sulphate,  charcoal,  powdered  charcoal,  blowpipe,  silver  coin. 

(a)  Repeat  Experiment  12  (c)  with  sulphuric  acid  and  with  sodiuin 
sulphate  solutioa. 

(b)  Repeat  Experiment  79  1  (ij  with  calcium  sulphate  instead  of 
sodium  sulphate. 

Exercises  : 

(i)    State  briefly  the  test  for  sulphuric  acid  and  soluble  sulphates. 

For  insoluble  sulphates.  ^^m 

(3)  How  can  a  sulphate  be  distinguished  from  a  sulphite?        ^^H 

SILICON  AND  BORON.  ^H 

Experiment  101.  — Preparation  and  Properties  of  Silidc  Acid. 
Materials :  Sodium  silicate  solution,  hydrochloric  add,  evaporating 
dish,  gauze-covered  ring. 

Add  dilute  hydrochloric  acid  to  a  test  tube  half  hill  of  sodium  siliole 
solutioa,  and  shake.  The  jellytike  precipitate  is  silicic  acid.  Riili 
some  between  the  fingers  and  describe  the  result.  Evapoiate  'Cat 
precipitate  to  dryness  In  a  porcelain  dish  which  stands  upon  a  game- 
covered  ring  in  the  hood.  As  llAemasshardens.  stir  it  with  aglassrfid. 
Toward  the  end,  add  more  hydrochloric  acid  and  evaporate  to  complete 
dryness.  Then  heat  strongly  for  five  minutes.  The  residue  is  silicon 
dioxide  mixed  with  chlorides  of  sodium  and  potassium.  Rnb  some 
between  the  fingers  or  a cror.s  aglassplale.  Isany  grit  deteded?  SUtt 
the  chemical  changes  v)\iicV\  occnt  w  cHaogng  sodium  silicate  fi 
silicon  dioxide. 
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ZSzpexlment  102. — Tests  with  Borax  Beads.  Materials:  Pow- 
dered borax,  platinum  test  wire  (see  Int.  §  5  (4)),  solutions  of  cobalt 
nitrate  and  copper  sulphate,  manganese  dioxide. 

Make  a  small  loop  on  the  end  of  the  platinum  test  wire,  moisten  it, 
and  dip  it  into  powdered  borax.  Heat  it  in  the  flame,  rotating  it  slowly ; 
At  first  the  borax  swells,  but  finally  shrinks  to  a  small,  transparent 
bead.  If  the  bead  is  too  small  add  more  borax  and  heat  again.  After 
use,  the  bead  may  be  removed  by  dipping  it,  white  hot,  into  water ;  the 
sudden  cooling  shatters  the  bead,  which  may  then  be  easily  rubbed  or 
scraped  from  the  wire. 

(a)  Cobalt  Compounds,  Touch  a  transparent  borax  bead  with  a 
glass  rod  which  has  a  drop  of  cobalt  nitrate  solution  on  the  end.  Heat 
the  bead  in  the  oxidizing  flame.  Observe  the  color  when  cold.  If  it  is 
black  melt  a  little  more  borax  into  the  bead ;  if  faintly  colored,  moisten 
again  with  the  cobalt  solution.  The  color  is  readily  detected  by  look- 
ing at  the  bead  against  a  white  object  in  a  strong  light,  or  by  examining 
it  with  a  lens.  When  the  color  has  been  definitely  determined,  heat 
again  in  the  reducing  flame.  Compare  the  color  of  the  cold  bead  with 
the  previous  observation. 

(Jji)  Copper  compounds.  Make  another  transparent  bead,  moisten  it 
with  copper  sulphate  solution  and  heat  it  first  in  the  oxidizing  flame, 
and  then  in  the  reducing  flame.  Compare  the  colors  of  the  cold  beads, 
and  draw  a  conclusion. 

{c)  Manganese  Compounds,    Make  another  transparent  bead,  touch 
it  with  a  minute  quantity  of  manganese  dioxide,  and  proceed  as  in  {b) . 
Compare  the  colors  of  the  cold  beads,  and  draw  a  conclusion. 
{d)   Tabulate  the  results  of  this  experiment. 

Exercise  : 

Draw  a  Bunsen  flame,  showing  the  reducing  and  oxidizing  parts. 

Experiment  103.  —  Preparation  and  Properties  of  Boric  Acid 
and  the  Test  for  Boron.  Materials:  Borax,  alcohol,  evaporating 
dish,  concentrated  hydrochloric  acid. 

In  a  test  tube  half  full  of  boiling  water,  dissolve  10  grams  of 
powdered  borax.  Add  about  5  cubic  centimeters  of  concentrated 
hydrochloric  acid  to  this  hot  solution,  and  let  the  whole  cool.  Crystals 
of  boric  add  will  separate. .  Filter.     Describe  the  crystals. 

Put  some  of  the  crystals  in  an  evaporating  d\s\\,  add.  a  VvVCi^  ^^o^*^ 


aod  set  fire   lo  the  solution.     Observe  the  color  of  ilie  flame, 
caused   by   a   complex  compouad  of   borou,  aud  is  ihe   lest  for  this 
cletneat. 

PHOSPHORUS,  ARSENIC.  ANTIMONY,  AND  BISMUTH. 
Experiment  104.  —  Borne  Fropeitlea  of  Phosphorus. 

(a)   Smell  of  the  head  of  a  phosphorus-tipped  match.    Describe  tk 

(i)  Rub  the  head  of  a  phosphorus -tipped  match  in  a  dark  place,  and 
observe  and  describe  the  result. 

(c)  The  most  striking  property  of  phosphorus 
which  it  lights  and  burns  in  air.  This  property  is  too  dangerous  lo  in 
in  the  laboratory.  Read  about  it  in  the  text  book.  What  applicatiua 
is  made  of  this  property?    Why? 

Ezpeihaent  105.  —  Test  for  Arsenic. 

Repeat  Experiment  95  {d). 

Bxpetlmeat  106.  —  Teat  for  Antimoajr. 

Repeat  Experiment  95  (s). 

Bzperimetit  107.  — Test  for  Blsmutli.  Afaleriais:  Bismuth,  flJW 
regia. 

Prepare  a  solution  of  bismuth  chloride  by  heating  the  metal  with  flf*'' 
reg^'a.  Fill  the  test  lube  half  full  of  water,  and  de.scribe  the  result.  TW 
product  is  bismutii  oxychloride.     How  is  it  related  to  bismuth  chloride? 

SODIUM. 

Expeiiment  lOB. — Properties  of  Sodium.  Materials;  Sodiam, 
pneumatic  trougli  tilled  with  water  as  usual,  litmus  paper,  filter  {aper, 
tea  lead. 

Precaution.     Obsei've  the  precautions  as  in  Experiment  14. 

(a)  Examine  a  small  piece  of  sodium,  and  record  its  most  (AvioiB 
physical  properties,  e.g.  color,  luster,  whether  hard  or  soft,  etc 

(A)    Repeat  Experiment  34  (except  (?)). 

Answer  : 

fl)   Is  sodium  heavier  or  lighter  than  water? 

{2)    What  properties  s\\(i\n  vVvaViV^si-meXsil 
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(3)  Is  it  harder  or  softer  than  most  metals? 

(4)  What  is  the  test  for  sodium  ? 

XSzperiment  109. — Preparation  and  PropertieB  of  Sodium  Hy- 
Iroxide.  Materials :  Sodium  carbonate,  lime,  zinc  sulphate  solution, 
ron  (or  tin)  dish,  file. 

Dissolve  25  grams  of  sodium  carbonate  in  150  cubic  centimeters  of 
crater  and  heat  gently  in  an  irop  dish  (an  ordinary  iron  spider  is  well 
idapted  for  this  work).  Meanwhile  slake  10  grams  of  lime  by  adding 
ust  enough  water  to  make  a  milky  liquid  —  "  milk  of  lime."  Add  the 
nilk  of  lime  to  the  sodium  carbonate  solution  and  boil  for  several  min- 
ites,  stirring  constantly  with  a  file.  Let  the  precipitate  settle,  remove 
I  little  liquid  with  a  small  tube,  and  if  it  effervesces  with  hydrochloric 
icid,  add  more  milk  of  lime  and  boil;  if  not,  pour  the  liquid  into  a  con- 
/enient  vessel,  let  it  stand  for  a  few  minutes  or  until  the  solid  settles ; 
:hen  pour  the  liquid  down  a  glass  rod  (  see  Int.  §  6  (i)  )  into  a  bottle. 
This  solution  of  sodium  hydroxide  may  be  evaporated  to  dryness,  and 
Lhe  solid  product  tested  and  the  remainder  preserved,  or  the  solution 
may  be  tested  at  once  as  follows:  — 

(a)    Rub  a  little  between  the  fingers  and  describe  the  feeling. 

(d)   Apply  the  litmus  test.     Is  it  acid  or  alkaline?    Is  it  markedly  so? 

(c)  Add  a  little  to  a  zinc  sulphate  solution,  and  shake.  The  precipi- 
tate is  zinc  hydroxide.  Describe  it.  Now  add  an  excess  of  sodium 
hydroxide,  and  shake.  Describe  the  result.  The  excess  of  sodium 
hydroxide  forms  soluble  sodium  zincate.  This  behavior  of  zinc  com- 
pounds is  the  test  for  an  hydroxide. 

(d)  How  do  sodium  compounds  affect  a  colorless  flame?  Try  it,  if 
in  doubt. 

Experiment  109  a. — Preparation  and  Properties  of  Sodimn  Bl- 
Darbonate.  Materials :  Ammonium  carbonate,  ammonium  hydroxide, 
sodium  chloride,  carbon  dioxide  generator. 

Put  8  grams  of  powdered  ammonium  carbonate  and  75  cubic  centi- 
meters of  ammonium  hydroxide  into  a  bottle ;  add  about  35  grams  of 
fine  sodium  chloride,  cork  the  bottle,  and  shake  the  mixture  vigorously 
until  most  of  the  solid  has  dissolved.  Filter  the  liquid  into  a  large  test 
tube.  Put  considerable  marble  into  the  generator,  and  pass  carbon 
dioxide  through  the  solution  from  thirty  to  forty-five  minutes  or  until  a 
precipitate  begins  to  form.  Then  cork  the  test  tube  and  let  It  staxvd-axL 
hour  or  more  to  allow  the  sodium  bicarbonate  to  se\.\\fe  ouX.  ol  \\\^  «»<:}sxvr 
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tion.  Filter,  and  wash  quickly  wilh  a  little  cold  water.  Dry  the  p» 
cipitate  between  iilter  paper.  Describe  it.  Subject  portions  to  tlie 
flame  test  for  sodium  and  the  usual  test  for  a  carbonate.    Stale  the 

POTASSIUM. 
Experiment  110. — Properties  of  Potasrium.     Materials!  Potu- 

sium,  pneumatic  trough  filled  as  usual,  litmus  paper. 

Precaution.     Observe  tks  same  precaution  as  in  using sadium. 

(a)  Examine  a  very  small  piece  of  freshly  cut  potassium,  acid  record 
its  most  obvious  physical  properties.  Touch  it  slightly.  Does  it  sug- 
gest caustic  potash  and  soda? 

{b)  Drop  a  small  piece  of  potassium  on  the  water  in  a  pneumatic 
trough.  Stand  just  near  enough  to  see  the  action.  Describe  the 
action.  How  does  it  differ  from  the  action  of  sodium?  Test  the  ivaier 
as  in  Experiment  24  id). 

From  what  has  already  been  learned  about  sodium  and  potassitiffl^ 
predict  the  main  chemical  change  observed  in  (i). 

Answer  : 

(i)  Is  potassium  heavier  or  lighter  than  water? 

(2)  What  properties  suggest  that  it  is  a  metal? 

(3)  How  does  it  resemble  and  differ  from  sodium? 

(4)  How  does  potassium  color  a  flame? 

(5)  What  is  the  test  for  potassium? 

Experiment  111.  —  Preparation  and  Propeitiett  of  PotaBBtdOi  H^ 
droxlde.  Materials:  Potassium  carbonate,  lime,  zinc  sulphate  soli*- 
tion,  iron  (or  tin)  dish,  file. 

Proceed  as  in  Experiment  109.  hut  use  potassium  carbonate  insteadof 
Eodium  carbonate.     Test  as  in  tlie  case  of  sodium  liydroxide. 
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Ezpariment   112. -- Preparation   aod   Propertiss  of   1 
Carbonate.    Materials :    Cream  of  tartar,  wood  ashes,  litmus  p*per, 
hydrochloric  add,  iron  sand  bath  pan,  mortar  and  pestle. 

fa)  Heat  strongly  5  grams  of  cream  of  tartar  —  acid  potassium  IM- 
trate  —  in  an  iron  pan  in  the   hood  from  fifteen  to  twenty  minutes- 
Grind   this  solid  with  water  in  a  mortar,  and  filter.     Test  the  filBW 
(i)  with  both  kinds  of  litmus  paper,  (2)  for  potassium,  and  (iJ&C^  ■■ 
carbonate.     Record  the  results- 
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(b)  Fill  a  test  tube  half  full  of  wood  ashes,  add  half  the  volume  of 
water,  shake,  and  warm  gently.  Filter,  and  test  the  filtrate  as  in  (a) . 
If  test  (3)  is  not  decisive,  repeat  the  experiment  on  a  larger  scale. 
Record  the  results. 

(c)  Expose  a  little  potassium  carbonate  to  the  air  for  an  hour  or  more. 
Describe  the  result.  How  does  its  behavior  compare  with  that  of  sodium 
carbonate  under  the  same  conditions  ? 

Answer  : 

(i)  What  is  the  source  of  cream  of  tartar? 

(2)  What  do  {a)  and  {b)  show  about  the  distribution  of  potassium  r* 
Of  its  assimilation  by  plants? 

(3)  What  is  the  literal  meaning  of  the  word  potash  t 

Ezercises  for  Review. 

1.  What  does  potassium  chlorate  yield  when  heated? 

2.  Does  potassium  chlorate  dissolve  readily  in  cold  water?  In  hot 
water? 

3.  What  is  formed  by  heating  potassium  bromide  with  manganese 
dioxide  and  sulphuric  acid  ? 

4.  Apply  question  3  to  potassium  iodide. 

5.  What  happens  to  potassium  hydroxide  when  exposed  to  air  ?  To 
potassium  carbonate? 

6.  Of  what  important  mixture  is  potassium  nitrate  an  ingredient  ? 


CX)PPER. 

Ezperiment  113.  —  Physical  PropertieB  of  Copper. 

Examine  several  forms  of  copper  —  wire,  sheet,  filings,  etCc  —  and 
state  the  most  obvious  physical  properties. 

Answer  : 

(i)   Is  copper  a  good  conductor  of  heat  ?    Of  electricity?    On  what 
evidence  is  your  answer  based  ? 

(2)  Is  copper  ductile  ?    Malleable  ?    Brittle  ?    Tough  ?    Hard  or 
soft? 

(3)  What  happens  to  copper  when  heated  ?    When  exposed  to  the 
air  ? 
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Ezpetiment  114.  —  Teats  for  Coppor.     Materials:     Copperi 
capper  sulphate  solution,  amuionium  hydroxide,  acetic  acid,  potissiimi 
ferrocyaoide  solution. 

(ri)  Heal  a  copper  wire  in  the  Bunsen  flame.  The  color  is  claiac- 
teristic  of  copper  and  its  compounds,  though  not  a  conclusive  Kt&t 
since  the  same  color  is  produced  by  other  substances. 

{b)  Add  a  few  drops  of  ammonium  hydroxide  to  copper  sulphate 
solution,  and  observe  the  result;  now  add  an  excess  of  ammoaiuin 
hydroxide.  The  blue  solution  is  a  cliaracteristic  and  decisive  test 
for  copper. 

{c)  Add  to  a  test  tube  one  fourth  full  of  water  an  equal  volume  of 
copper  sulphate  solution,  and  shake;  then  add  a  few  drops  of  acetic 
acid  and  of  potassium  ferrocyaoide  solution.  The  brown  precipitate 
is  copper  ferrocyanide. 

Bxpetiment  115.  ^  Interactioii  of  Copper  with  Bbtala.  MaStr 
rials:  Copper  wire,  iron  nai!,  line,  solutions  of  copper  sulphate  imd 
any  mercury  compound. 

(o)  Put  a  clean  copper  wire  into  a  solution  of  aay  mercury  compound, 
After  a  short  time,  remove  the  wire  and  wipe  it  with  a  soft  cloth  ot 
paper.    Describe  the  change.    Wliat  has  become  of  some  of  the  copper? 

(i)  Fi;t  in  separate  test  tubes  half  fiill  of  copper  sulphate  solution 
a  bright  iron  nail  and  a  strip  of  clean  zinc.  After  a  short  lime  remove 
the  metals  and  examine  them.  What  is  the  deposit?  What  hashecome 
of  some  of  the  zinc  and  iron?  Does  the  final  color  of  the  solulioo 
indicate  any  chemical  change?  How  would  you  prove  the  answerlo 
the  last  question? 

Exerolses  for  Heview. 

1.  What  happens  to  a  crystal  of  copper  sulphate  when  heated? 

2.  You  are  given  a  blue  solution  supposed  to  be  copper  aiilp,liil«. 
State  how  you  would  prove  it. 

3.  What  are  formed  by  the  interaction  of  copper  and  nitric  add? 

4.  What  color  have  many  copper  compounds? 

5.  "  Brass  is  an  alloy  of  copper."    Stale  how  you  would  prove  (his- 

SILVER  AND  COLD. 
Experiment  116.  — Picparation  of  Silver.    Maitrials:  (d)  S 
ver  nitrate  solulion,  meicutVi  c\a.'^Qt3.'CvQ%  &aV-,  ^Ji'^  t^a-ceDt,^ 
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Dncentrated  nitric  acid,  hydrochloric  acid,  sulphuric  acid,  zinc,  evapo^ 
iting  dish,  charcoal,  sodium  carbonate,  blowpipei 
Prepare  silver  by  one  or  both  of  the  following  methods :  — 

(tf )  Fill  a  porcelain  dish  half  full  of  silver  nitrate  solution,  and  add  a 
;w  drops  of  mercury.  Allow  the  whole  to  stand  undisturbed  for  a  day 
r  more,  and  then  examine.  The  delicate  crystals  attached  to  the 
lercury  are  silver.  Pick  them  out  with  the  forceps,  wash  well  with 
rater,  and  preserve  them  for  Experiment  117. 

(^)  Dissolve  a  ten-cent  piece  in  10  cubic  centimeters  of  concentrated 
itric  acid,  dilute  with  an  equal  volume  of  water,  and  add  hydrochloric 
cid  until  the  precipitation  is  complete.  Let  the  precipitate  settle. 
"hen  filter,  and  wash  until  the  filtrate  is  neutral.  If  convenient,  let 
he  precipitate  dry ;  if  not,  scrape  half  from  the  opened  paper  with  a 
nife,  put  it  in  a  porcelain  dish,  cover  with  dilute  sulphuric  acid,  and 
dd  a  piece  of  zinc ;  put  the  other  half  in  a  cavity  at  the  end  of  a  piece 
•f  charcoal,  cover  with  sodium  carbonate,  and  reduce  it  with  a  blowpipe 
lame.  In  the  first  case,  the  silver  will  collect  as  a  grayish  powder; 
emove  any  excess  of  zinc,  filter,  wash  with  water  and  dry  the  residue, 
t  may  be  preserved  as  a  powder,  or  fused  into  a  bead  with  a  blowpipe 
lame.  In  the  second  case,  minute  globules  of  silver  will  appear  on  the 
:harcoal ;  scrape  them  together  and  fuse  into  a  single  bead.    Preserve  it 

ISxperiment  117. — Properties  of  Silver. 

Examine  the  silver  formed  in  Experiment  1 16,  and  state  briefly  its 
Host  obvious  properties. 

Experiment  118.  —  Test  for  Silver. 

Devise  a  test  for  combined  silver,  based  upon  previous  experiments. 
V^erify  it. 

Exercises  for  Review. 

1.  What  is  formed  by  the  interaction  of  silver  nitrate  and  potassium 
chloride?  Potassium  bromide?  Potassium  iodide?  How  do  the 
products  differ  ? 

2.  What  caused  the  blue  filtrate  in  Experiment  116  {b)  ?  What 
Knetal  besides  silver  does  a  ten-cent  piece  contain  ? 

3.  What  compound  is  formed  when  silver  tarnishes? 

4.  What  Is  the  test  for  a.  chJoride  ? 
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Experiment  119.  —  Inteiactlon  of  Gold  and  Aqoa  RbbIb  ud 
tlie  Test  for  Oold.  Materials :  Gold  leaf^  concentrated  nitric  aid 
hydrochloric  acids,  stannous  chloride  solution. 

Prepare  a  solution  of  gold  chloride  according  to  Experiment  58,  using 
as  small  a  volume  of  the  acids  as  possible.  Dilute  with  water,  and  then 
slowly  add  a  dilute  solution  of  stannous  chloride.  A  predpitate  is 
produced,  varying  in  color  from  faint  purple  to  black  according  I0  [be 
conditions.  This  predpitate  is  supposed  to  be  Unely  divided  gold,^ 
is  called  Purple  of  Cassius ;  its  formation  is  the  test  for  gold. 

CALCIUM. 
Bxperiment  120.  —Teats  for  Caloimu. 

(«)  Subject  calcium  chloride  to  the  flame  test.     Record  the  result 
(b)  Repeat  Experiment  13  {J). 

Experiment  121.  —The  '■  Sotting  "  of  Plaster  of  Paris.  Maltriaisi 
Plaster  of  Paris,  blod;  of  wood. 

Mil  a  little  plaster  of  Paris  with  enough  water  on  a  block  of  wood  to 
form  a  thin  paste.  Let  it  stand  undisturbed  for  a  few  minutes,  and 
then  examine.     Describe  the  change.     How  is  this  property  utiliied  ? 

Ezperiment  121  a.  —  Per  Cent  of  Water  of  Cr7Bl:alliiati(iD  In 
CryatalUeed  Calcium  Salphate.  Materials:  Porcelain  disb.  ciys- 
talliied  caldum  sulpliate  (selenite). 

Weigh  accurately  a  deaD.  dry  porcelain  dish.  Coarsely  powderabonl 
10  grams  of  crystaliiired  caldum  sulphate,  put  it  into  the  dish,  and  weigb 
the  dish  and  contents  accurately.  Stand  the  dish  on  a  gauze-covefin 
support  and  heal  strongly  about  fifteen  minutes.  Cool,  and  irelgh. 
Heat  agata  intensely  about  five  minutes:  cool,  and  weigh.  If  the  "eight 
is  not  the  same  as  before,  heat  a  third  time,  cool,  and  weigh.  SabtnC 
the  last  weight  firom  the  weight  of  the  dish  and  contents.  Tite  loss  is 
the  weight  of  the  water  of  crystalli ration.  Calculate  the  per  cent  i>l 
water  of  crystalliation  in  the  caldum  sulphate.    Submit  the  result 

Exeroiaea  for  Revi«w. 


F.  Describe  caldum  chloride.  How  does  it  act  when  exposed  to  l** 
air.'  How  »ouW  50U  iW«  X.\ii>.  \\  va^  cimMima  oleum  and  {*)  » • 
chloride? 
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2.  Describe  lime.    What  effect  does  water  have  upon  it? 

3.  What  compounds  are  produced  by  the  interaction  of  calcium  car- 
Donate  and  hydrochloric  acid  ? 

4.  What  is  lime  water?    Milk  of  lime? 

5.  What  is  formed  when  carbon  dioxide  is  passed  into  limewater? 
[nto  sodium  hydroxide? 

6.  What  compounds  are  formed  by  heating  calcium  carbonate? 

7.  What  happens  when  an  excess  of  carbon  dioxide  is  passed  into 
Limewater? 

STRONTIUM. 

Experiment  122.  —  Test  for  Strontium. 

Dip  a  platinum  test  wire  (or  a  glass  rod)  into  a  solution  of  strontium 
nitrate,  and  hold  it  in  the  Bunsen  flame.  Describe  the  result,  after 
several  trials. 

Hcperiment  123.  —  Red  Fire.  Materials :  Strontium  nitrate,  pow- 
dered potassium  chlorate,  powdered  shellac,  iron  pan  or  brick. 

Mix  carefully  small  and  equal  (in  bulk)  quantities  of  the  three  sub- 
stances on  a  sheet  of  paper.  Place  the  mixture  on  a  sand-bath  pan  or 
a  brick  in  the  hood,  and  light  it  with  a  Bunsen  burner.  Describe  the 
result. 

BARIUM. 

(^Compounds  of  Barium  are  Poisonous,) 

Experiment  124.  —  Tests  for  Barium. 

{a)  Repeat  Experiment  122,  using  a  solution  of  barium  chloride  or 
barium  nitrate.  Be  sure  the  test  wire  (or  rod)  is  clean.  Describe  the 
result. 

{b)   Devise  a  test.     (Suggestion.    What  is  the  test  for  a  sulphate?) 

Experiment  125.  —  Green  Fire. 

Repeat  Experiment  123,  using  barium  nitrate  instead  of  strontium 
nitrate. 

Experiment  125  a.  —  Per  Cent  of  "Water  of  Crystallization  in 
Crystallized  Barium  Chloride.  Materials:  Porcelain  dish,  crys- 
tallized barium  chloride. 

Repeat  Experiment  121  «,  using  5  grams  of  crystaAllz^d  V)2iT^>3jkv  Oc^cr 
ride  instead  of  calcium  sulphate. 
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Bxperimeot  12G.  —  FropertdeB  of  Hagnealnm. 
Examine  a  piece  of  magncsiuiD  ;iiid  slate  briefly  its  most  obviou 
properties. 

Bxpetiment  127.— TsBta  for  Hdagneaiom.  Materials:  Solutions 
of  magnesium  sulphate  (or  chloride),  ammonium  chloride,  anmoniuni 
hj'droxide,  disodiuni  phosphate,  and  cobaltous  nitrate;  magiwsinni 
oxide,  charcoiil,  blowpipe. 

(n)  To  a  solution  of  magnesium  sulphate  (or  chloride)  add  succes- 
sively solutions  of  ammooium  chloride,  ammooium  hydroxide,  and  di- 
socUum  phosphate.  A  precipitate  of  ammonium  magnesium  phosphaie 
b  formed.  U  is  voluminous  at  lirst,  but  finally  crystalline.  It  is  soluble 
in  acids.    Try  it. 

(*)  Put  a  liltlc  powdered  magnesium  oxide  in  a  cavity  at  the  eftd 
of  a  piece  of  charcoal,  moisten  n-ilh  water,  and  heat  intensely  in  ' 
blowpipe  flame.  Cool,  and  moisten  nith  a  drop  of  cobaltous  aiuate 
solution.  Heat  again,  and  nhen  cool  observe  the  color.  If  the  experi- 
ment has  been  conducted  properly,  a  pink  or  pate  flesh-oolored  RSidnc 
coats  the  charcoal.    Describe  the  result. 

BxerciaeB  foi  Bevies. 
I.  What  compound  is  formed  by  burning  magne^um  in  air  or  i> 
oxy^n'i     Describe  it. 

3.   How  ivas  magnesium  utilised  in  tbc  discovery  of  argon? 

ZINC- 
Bxpetiment  128.  —  Properties  of  Zinc. 

E.vamine  .i  piece  of  cine  aod  record  its  most  obvioBS  pfopenks, 

.\sswER : 

I.  What  happens  to  aac  when  it  b  hraled?  DesciSw  Md  uK 
the  product. 

:.  Is  tinc  kird  or  mA>  Malleable?  Ductile?  Brittle?  TOTg^! 
Does  it  tnelt  readily? 

Bcpwlrnvnt  129.  —  T«ati  foe  Sue.  JMcrnd^c  Sncond^oW^ 
uus  uitnte  sobttioa,  dioictMl.  Uq«^^. 
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(a)  Recall  or  devise  a  simple  test  for  combined  zinc.  (Suggestion. 
See  Exp.  109  (c).) 

(d)  Recall  or  repeat  the  action  of  zinc  when  heated  in  the  oxidizing 
-flame.    (See  Exp.  79  II  (a).) 

(^)  Fill  a  small  cavity  at  one  end  of  a  piece  of  charcoal  with  zinc 
oxide,  moisten  with  water,  and  heat  strongly  in  the  blowpipe  flame. 
Cool,  and  moisten  with  a  drop  of  cobaltous  nitrate  solution,  then  heat 
again.  Cool  and  examine.  A  green  incrustation  is  caused  by  zinc 
compounds. 

Ezperiment  130.  —  Interactdon  of  Zinc  and  Metals.  Materials : 
Sheet  zinc,  solutions  of  copper  sulphate,  lead  nitrate,  mercurous  nitrate. 

(a)  Repeat  Experiment  115  (3)  with  zinc. 

(d)  Repeat  (fl)  using  lead  nitrate  solution. 

(c)  Repeat  (a)  using  the  mercury  salt  solution.  Examine  after  a 
short  time,  and  describe.  What  is  amalgamated  zinc,  and  for  what  is  it 
used? 

Ezercises  for  Review. 

1 .  What  are  formed  by  the  interaction  of  zinc  and  sulphuric  acid  ? 
Of  zinc  and  nitric  acid  ? 

2.  What  is  formed  by  the  interaction  of  a  zinc  salt  and  a  little 
sodium  hydroxide  solution?    An  excess  of  the  alkali? 

CADMIUM. 

Experiment  131.  —  Test  for  Cadmium. 

Add  hydrogen  sulphide  water  to  a  test  tube  half  full  of  cadmium 
chloride  solution.  The  precipitate  is  cadmium  sulphide.  Describe  it. 
Let  it  settle,  pour  off  most  of  the  liquid,  fill  the  test  tube  half  full  with 
dilute  sulphuric  acid,  and  warm.     Describe  the  result. 

MERCURY. 
(Mercury  and  its  Compounds  are  Poisonous,) 

Experiment  132.  —  Properties  of  Mercury. 

{a)  Pour  a  drop  or  two  of  mercury  into  an  evaporating  dish.  Ex- 
amine the  mercury,  and  state  its  characteristic  properties.  Agitate  the 
dish,  and  describe  the  result.    Why  is  mercury  called  **  quicksilver  "  ? 

(^)  Lift  carefully  a  bottle  of  mercury.  Estimate  the  s^eo&c  ^•aN'^. 
Verify  the  estimate  by  consulting  a  book. 
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Experimeat  133,  —  Teats  tot  Sleroiur. 

(a)  What  is  a  simple  test  for  free  mercury? 

[i)  Recall  or  devise  a  test  far  combined  mercury.  Verify  it.  (Sug- 
gestion.    See  Exp.  115.) 

Experiment  134.  —  Properties  of  Uerontoad  and  Ueraailc 
CompouDds.  Materials:  Solutions  of  mercurous  and  mercurii: 
nitrate ;  hydrochloric  add,  ammonium  jiydroxide. 

{a)  Mercurous.  Add  a  few  drops  of  hydrochloric  acid  to  a  liltle 
mercurous  nitrate  solution.  The  white  precipitate  is  mercuroua  chlo- 
ride. Note  its  insolubility  in  water  and  in  dilute  hydrochloric  add. 
Add  an  excess  of  ammonium  hydroxide.  The  black  precipitate  is 
mercurous  ammonium  chloride.  Its  formation  is  a  delicate  test  for 
mercury  in  mercurous  compounds. 

{b)  Mercuric.  Add  a  few  drops  of  hydrochloric  add  to  a  liltle 
mercuric  nitrate  solution.  Compare  the  result  with  that  in  (n).  Add 
a  few  drops  of  ammonium  hydroxide,  or  enough  to  produce  a  decided 
change.  Compare  with  (a).  The  precipitate  is  mercuric  ammonium 
chloride. 

Sxercises  for  Review. 

1.  Describe  the  effect  of  heat  on  red  oxide  of  mercury.  What  Ilia- 
torical  interest  has  this  experiment  ? 

2.  What  practical  use  has  mercury  ? 

3.  What  are  amalgams  ? 

4.  What  action  has  mercury  upon  gold  ? 


ALUMINIUM. 


1 

I.   H« 


Experiment  135.  —  Properties  of  Alnmlninm. 

(«)   Examine  a  piece  of  aluminium,  and  observe  its  properties, 
it  any  ".'Spring"  lilie  brass  ?    Is  it  ductile,  malleable,  soft, 
brittle  ?     Win  it  melt  in  the  Bunsen  flame  f     Try  it. 

{b)  Compare  roughly  the  weight  of  a  piece  of  sheet  aluminium  "Ho 
a  piece  of  pasteboard  or  glass  having  approximately  the  same  volunw. 

(f)  Find  the  specific  gravity  by  the  method  used  in  Experiment  M  (i)i 


1 136. 


Action  of  Aluminium  with  Acids  and  AllB' 
Aluin\muin,  s,\i\^lvuric  acid,  hydrochloric  acid,  bc 


Jj/droxide  solution. 


Aluminium.  533 

(d)  Add  a  small  piece  of  aluminium  to  separate  test  tubes  containing 
dilute  sulphuric  acid  and  concentrated  hydrochloric  acid.  Warm,  if 
necessary.  Describe  the  action.  Test  the  gas  evolved.  What  com- 
pound is  formed  in  each  case  ? 

(d)  Add  a  small  piece  of  aluminium  to  a  test  tube  half  full  of  dilute 
sodium  hydroxide  solution,  and  boil.  Test  any  gas  evolved.  If  only 
a  little  gas  is  liberated,  attach  a  simple  delivery  tube  and  collect  the 
gas  over  water. 

Other  acids  and  alkalies  act  similarly.  Draw  a  general  conclusion 
from  this  experiment. 

Experiment  137. — Preparation  and  Properties  of  Ahiminlnm 
Hydroadde.  Materials:  Solutions  of  alum,  sodium  hydroxide,  am- 
monium sulphide,  and  cochineal;  hydrochloric  acid  and  ammonium 
hydroxide. 

(/?)  Add  slowly  a  little  sodium  hydroxide  solution  to  a  test  tube 
half  full  of  alum  solution.  The  gelatinous  precipitate  is  aluminium 
hydroxide.  Now  add  an  excess  of  the  alkali  to  one  half,  and  dilute 
hydrochloric  acid  to  the  other.     Describe  the  results. 

(J))  Add  a  little  solution  of  ammonium  sulphide  to  a  solution  of  alum. 
Describe  the  result.  The  precipitate  is  not  a  sulphide,  but  aluminium 
hydroxide,  because  aluminium  forms  no  sulphide  in  the  wet  way. 

{c)  Add  a  little  alum  solution  to  a  dilute  solution  of  cochineal,  then 
add  ammonium  hydroxide.  The  colored  product  is  called  carmine  lake. 
Filter,  and  compare  the  color  of  the  filtrate  with  that  of  the  carmine 
lake. 

Experiment  138.  —  Tests  for  Aluminium.  Materials  for  (c) : 
Aluminium  sulphate;  cobaltous  nitrate  solution,  blowpipe,  charcoal. 

(a)  What  is  a  simple  test  for  metallic  aluminium  ? 

(^)  Recall  or  devise  a  test  for  combined  aluminium.  Verify  it. 
How  can  aluminium  compounds  be  distinguished  from  those  of  zinc? 

(f)  Heat  a  little  aluminium  sulphate  on  charcoal  in  the  blowpipe 
flame.  Cool,  and  moisten  with  a  drop  of  cobaltous  nitrate  solution. 
Heat  again,  and  if  the  operation  has  been  conducted  properly,  a  blue 
residue  will  coat  the  charcoal.  This  color  is  characteristic  of  aluminium 
compounds.  Compare  this  result  with  the  action  of  other  metallic 
compounds  under  similar  circumstances. 
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Experiment  139.  —  Prepaiation  and  Properties  of  CoromoD 
Aliim  Malinah  for  {a):  Aluniinium  sulphate,  potassium  sulphale, 
Lvaporatmg  dtsh. 

(a)  Dissolve  about  lo  grams  of  aluminium  sulphate  in  tlie  least  pos- 
sible amount  of  hot  water.  Dissolve  3  grams  of  potassium  sulphate  in 
the  same  way.  Mix  the  clear,  hot,  saturated  solutions  in  an  evaporat- 
ing dish,  and  allow  the  solution  to  cool  undisturbed.  Crystals  of 
liotassium  alum  will  be  deposited.  Remove  the  best  ones  ;  dry  and 
examine.     Describe  them,  givirig  color,  luster,  size,  and  crystal  fomi. 

(i)  Prove  by  actual  tests  that  (1)  they  are  a  sulphate,  and  (2)  thej 
contain  aluminium  and  water  of  crystallization. 


si^S^ 


ZzpGrimsat  140.  —  PropartdQa  of  Tin.     Examine  a  piece  of  tin,/ 

slate  its  most  obvious  properties.     Is  it  malleable,  soft,  hard,  tougb, 
brittle?     Will  it  melt  in  the  Bunsen  flame?    Try  it. 

experiment  141.— Action  of  Tin  wltb  Aolds.  Materials:  Tin, 
concentrated  nitric  and  hydrochloric  acids. 

(a)  Put  a  small  piece  of  tin  in  a  test  tube,  cover  with  concentratKi 
hydrochloric  acid,  add  a  little  water,  and  heat  —  in  Ike  hood.  Heal 
gently  at  first,  and  when  action  begins  regulate  the  heat  accordingly- 
Most  of  the  tin  disappears,  soluble  stannous  chloride  being  fbrmed. 
Save  this  solution  for  Experiment  142. 

(b)  Treat  a  small  piece  of  tift  with  concentrated  nitric  acid — in  the 
hood.  It  is  advisable  to  stand  the  test  tube  in  the  rack  or  in  a  bottleas 
Hoon  as  the  action  begins.  The  white,  amorphous  product  is  metaslan- 
nic  acid.  How  does  the  action  of  nitric  acid  on  tin  differ  from  anil 
resemble  its  action  on  other  metals,  zinc,  for  example? 

Experiment  142.  — TestaforTln.     Materials  for  {c)  s  Solutionsoi 
mercuric  chloride  and  stannous  chloride. 
(a)  What  is  a  simple  test  for  metallic  tin? 
(A)  Recall  or  repeat  the  action  of  tin  when  heated  in  a  blowpipe 

(c)  Add  a  few  drops  of  mercuric  chloride  solution  {poison)  to  a  litlle 
of  the  stannous  chloride  solution  prepared  in  Experiment  141.  The  wlii't 
precipitate  is  mercurous  chloride.     Add  a  little  more  stannous  cliloridi 
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solution  and  heat  gently.    The  mercurous  chloride  is  reduced  finally  to 
mercury,  which  appears  as  a  grayish  powder. 

ISzperiment  143. — DepoBition  of  Tin. 

Put  a  strip  of  zinc  in  a  slightly  acid  solution  of  stannous  chloride. 
Examine  after  a  short  time.  The  tin  will  be  found  adhering  to  the 
zinc  as  a  grayish  black  deposit ;  sometimes  bright  scales  are  also  seen. 
What  has  become  of  the  zinc? 

LEAD. 

Iizperimeiit  144.  — PropertieB  of  Lead. 

(a)  Examine  a  piece  of  freshly  cut  lead  and  state  its  most  obvious 
physical  properties. 

(Jf)  Estimate  its  specific  gravity.  Verify  your  estimate  by  consulting 
a  book. 

(c)  Draw  a  piece  of  lead  across  a  sheet  of  white  paper,  and  describe 
the  result. 

(d)  Is  lead  easily  melted?    Try  it. 

Answer: 

(i)  What  happens  to  lead  when  exposed  to  the  air? 

(2)  What  properties  adapt  lead  for  its  extensive  use? 

(3)  What  is  " black  lead"? 

(4)  Is  there  lead  in  a  lead  pencil? 

ISzperiment  145.  —Tests  for  Lead.  Materials  for  (c)y  (^),  (e) : 
Lead  nitrate  and  potassium  dichromale  solutions,  sulphuric  add,  hydro- 
chloric add. 

(a)  Recall  or  repeat  the  reduction  of  lead  oxide  in  the  blowpipe 
flame.    (See  Exp.  79.) 

(d)  Recall  or  repeat  the  action  of  hydrogen  sulphide  with  the  solu- 
tion of  a  lead  compound.     (See  Exp.  95  (c).) 

(jc)  Add  dilute  hydrochloric  acid  to  a  little  lead  nitrate  solution  until 
precipitation  ceases.  Note  the  insolubility  of  the  lead  chloride  which  is 
formed.  Boil  some  of  the  precipitate  with  considerable  water.  De- 
scribe the  action.  This  is  characteristic  of  lead  chloride  and  permits 
its  separation  from  the  chlorides  of  silver  and  of  mercury  (in  the  -ous 
Condition). 
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(d)  Add  dilute  sulphuric  acid  to  a  little  lead  nitrate  solution  wA 
predpitation  ceases.  The  precipitate  is  lead  Buiphate.  Observe  iti 
properties.     Is  it  soluble  in  hot  water?    Try  it. 

(e)  Repeat  (rf),  using  potassium  dichromate  solution  instead  of  aol- 
piiuric  acid.  The  precipitate  is  lead  chromate.  Describe  it,  espedally 
the  color. 

Experiment  146.  — Depoeiticm  of  Lead. 
Repeat  Experiment  130  (6). 

Expexiraeat  147.  —  FropertieB  ol  Lead  OzldeB,  MaleriaU:  Lead 
monoxide,  dioxide,  and  teCroxide,  nitric  acid. 

{a)  Examine  the  three  oxides  and  tabalate  their  most  obvious  ph]fl4- 
cal  properties,  stating  the  exact  chemical  name  and  formula  and  tht 
popular  name  of  each  oxide, 

(^)  Recall  the  experiment  in  which  lead  was  heated  in  the  onditiiv 
flame,  especially  the  color  of  the  coating.  What  oxide  of  lead  ■ 
thereby  formed  ? 

(c)  Warm  a  little  lead  tetroxide  with  dilute  nitric  acid.  The  solid 
product  is  lead  dioxide.    Describe  it. 

Exercises  -■ 

(i)  How  might  lead  tetroxide  be  prepared  ? 

(2)  If  lead  tetroxide  is  heated  strongly,  lead  monojdde  is  fijrnwd, 
What  does  this  fact  reveal  about  the  stability  of  lead  tetroxide  ? 

(3)  When  lead  dioxide  and  concentrated  hydrochloric  acid  are  mixed 
and  heated,  chlorine  is  evolved.    Complete  the  equation  — 

PbO„  +  4  HCI  -  PbCl,  +  2  H,0  + 
How  does  this  interaction  resemble  that  of  manganese  dioxide  and 
hydrochloric  acid  ? 

ELxperlment  148.— Properties  of  Certain  Iioaa  Componadi. 
Materials:  Lead  nitrate,  lead  carbonate,  galena,  taper,  mortar  and 
pestle. 

(a)  Put  a  crystal  of  lead  nitrate  in  a  test  tube  provided  with  a 
holder,  hold  in  a  horizontal  position,  and  heat  strongly  in  the  upper 
part  of  the  Bunsen  flame.  Describe  the  result.  What  is  the  raosi 
obvious  product  ?  After  most  of  this  product  has  pas.sed  out  of  the 
lest  tube,  thrust  well  into  the  test  lube  a  joss  stick  glowmg  on  ilie 
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^Sfl.  Describe  the  result.  What  other  gaa  is  present  ?  The  solid 
product  is  lead  monoxide.  Summariie  the  behavior  of  lead  nitrate 
when  heated. 

(*)  Examine  lead  carbonate,  and  state  its  most  obvious  properties. 
What  is  its  common  name  ?  Prove  that  it  is  a  carbonate  and  con- 
tains lead.     (Suggestion.     Treat  with  hydrochloric  acid.) 

(c)  Examine  a  lump  of  galena,  and  state  its  most  obvious  proper- 
ties. Pulverize  it  in  a  mortar.  What  additional  property  is  revealed  f 
Prove  that  it  is  a  sulphide  and  contains  lead.  (Suggestion.  See  Expa. 
93  and  (45.) 

CHROMIUM. 

Bxpeiiment  149.  —  Tests  lor  Chromium.  Materials  s  Borax, 
chrome  alum,  potassium  carbonate,  potassium  nitrate,  acetic  acid,  nitric 
acid,  sodium  hydroxide  solution,  lead  nitrate  solution,  potassium  dichro- 
mate  solution,  platinum  test  wire,  piece  of  porcelain,  forceps. 

{a)  Prepare  a  borax  bead  (see  Exp.  102),  touch  it  with  a  minute 
quantity  of  chrome  alum,  and  heat  in  both  the  oxidizing  and  reducing 
flame.     Describe  the  result. 

{b)  Mix  equal  small  quantities  of  potassium  carbonate,  potassium 
nitrate,  and  powdered  chrome  alum,  place  the  mixture  on  a  piece  of 
porcelain,  and  hold  it  with  the  forceps  in  the  upper  Bunsen  flame  so 
that  the  mixture  will  fuse.  A  yellow  mass,  due  to  the  presence 
of  potassium  chromate,  results.  If  the  color  is  not  decided,  dissolve 
the  mass  in  water,  add  acetic  acid,  slowly  at  first,  and  boil  to  expel  the 
carbon  dioxide.  Add  a  few  drops  of  lead  nitrate  solution  to  a  portion, 
and  yellow  lead  chromate  is  precipitated.  If  the  precipitate  is  white, 
it  is  lead  carbonate,  and  shows  that  not  all  the  potassium  carbonate 
was  decomposed,  as  intended. 

{c)  Add  lead  nitrate  solution  to  potassium  dichromafe  solution. 
Name  and  describe  the  precipitate.  Try  the  solubility  of  the  precipitate 
in  acetic  acid,  dilute  nitric  acid,  and  sodium  hydroxide.     Describe  the 

Bzpetlment  150.  —  PropertleB  of  Chromatea.  Mattnah:  Potas- 
sium chromate  and  dichromate,  concentrated  hydrochloric  add, 
potassium  hydroxide  solution. 

(it)  Examine  crystals  of  potassium  chromate  and  dichromate,  and 
state  their  characteristic  properties.  Make  a  dilute  solution  of  eachj 
and  compare  the  colors.     Save  for  (c)  and  (rf). 
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(i)   State  the  properties  of  lead  chromate. 

(f)  Add  a  few  drops  of  concentrated  hydrochloric  acid  to  thesohilJMi 
of  potassium  chromate  prepared  in  («),  and  observe  the  change  in 
color.  Describe  it.  Compare  with  the  color  of  the  potassium  dichio- 
mate  solution  prepared  in  (a).     Draw  a.  conclusion. 

(i^)  Add  potassium  hydroxide  solution  to  the  solution  of  potassium 
dichromate  prepared  In  (a)  until  a  change  of  color  is  produced.  De- 
scribe the  color.  Compare  with  the  potassium  chromate  sotutioa 
Draw  a  conclusion. 

(1)  The  chromates  are  oxidizing  agents.  Add  a  few  drops  of  con- 
centrated hydrochloric  acid  to  powdered  potassium  chromate  and  didiio- 
mate  in  separate  test  tubes.  Chlorine  is  evolved.  Where  did  it  come 
from  ?    By  what  general  chemical  change  ? 


Expedment  151,  —  Redaotlan  of  ChromatSB  to  Cbromlo  Ccn» 
pounds.  Materials .-  Potassium  dichromale  solution,  conccDttMed 
liyUrochloric  add,  alcohol. 

Add  to  a  few  cubic  centimeters  of  potassium  dichromate  soIutlM]  > 
little  concentrated  hydrochloric  acid  and  a  few  drops  of  alcohol.  Warm 
gently.  Two  important  changes  occur.  The  chromate  is  reductd  10 
chromic  chloride  which  colors  the  solution  green ;  the  alcohol  is  (io- 
dized to  aldehyde,  which  is  detected  by  its  peculiar  odor. 


Expeilment  152.  —Preparation  and  ProportleB  of  Chtonde 
Hydroxide.  Materials:  Ammonium  sulphide,  solutlooa  of  sodhin 
hydroxide  and  chrome  alum. 

(d)  Add  a  little  sodium  hydroxide  solution  to  a  aplulion  of  chrome 
alum.  The  precipitate  is  chromic  hydroKide.  Describe  it.  Add  an 
excess  of  sodium  hydroxide  solution,  and  shake.  Describe  the  result. 
Boil,  and  state  the  result. 

(b)  Add  a  little,  and  then  an  excess,  of  ammonium  sulphide  to  s 
solution  of  chrome  alum.  Compare  the  result  with  that  in  (a).  D0« 
chromium  form  a  sulphide  ? 


How  can  chroDMC  Vv^droxide    be   distinguiahed   : 
hydroxide  1 


Manganese.  539 

Experiment  153.  —  PropertieB  ol  Chramo  Almn. 

(a)  Examine  chrome  aluin  aad  state  its  most  obvious  physical 
properties. 

(j^)  Prove  th3.t  chrome  alum  is  a  sulphate,  and  that  It  cout^ns 
chromium  and  water  of  crystallizatioa. 

MANGANESE. 

Expeiiment  154.  —  Tests  for  Manganese.    Materials  for  (6)  ami 

(c) :  Manganese  dio.tide,  potassium  carbonate,  potassium  nitrate,  am- 
monium sulphide,  manganese  sulphate  solution,  hydrochloric  add, 
acetic  acid,  ammonium  hydroxide. 

(a)  Subject  a  minute  quantity  of  manganese  dioxide  to  the  borax 
bead  test,  and  note  the  color  of  the  bead  after  heating  in  each  flame. 
(See  Exp,  io2.) 

(J)  Fuse,  on  a  piece  of  porcelain,  a  little  manganese  dioxide 
mixed  with  potassium  carbonate  and  potassium  nitrate.  The  green 
mass  is  a  test  for  manganese.    It  is  due  to  the  presence  of  potassium 

(;:)  Add  ammonium  sulphide  to  manganese  sulphate  solution.  The 
flesh-coiored  precipitate  is  manganese  sulphide.  Compare  with  other 
sulphides  as  to  color  (see  Exp.  95).  Divide  it  into  two  parts.  Add 
hydrochloric  acid  to  one,  and  acetic  acid  to  the  other,  then  add  an 
excess  of  ammonium  hydroxide  to  each.  Draw  a  conclusion  regarding 
the  solubility  of  manganese  sulphide. 

I^zpetlment  155.  —  Oxidatloii  wltta   Fotaaaium  Petmanganate. 

ifatiriah:  Potassium  permanganate,  sulphuric  acid,  ferrous  sulphate, 

filter  paper. 

(a)   Add  a  few  drops  of  sulphuric  acid  to  a  weak  solution  oi  fresk 

errous  sulphate ;  then  add,  drop  by  drop,  a  dilute  solution  of  potas- 

iium  permanganate.     Its  color  is  changed,  owing  to  the  loss  of  oxygen ; 

the  latter  converts  the  ferrous  to  ferric  sulphate.  The  decomposi- 
tion of  the  permanganate  also  causes  the  formation  of  potassium  and 
manganese  sulphates. 

(*)  Hoil  a  piece  of  tilltr  paper  in  a  solution  of  potassium  permanga- 
nate.    Describe  and  e.tplain  the  result. 


ZizerclBes  tor  Revieir, 

I.  Describe  manganese  dioxide.   Name  five  elements  in  whose  pt^ 
mtion  manganese  dioxide  is  used.     Is  manganese  dioxide  aa  o 
.gent? 

z.  Describe  potassium  permanganate.    Wliat  can  be  said  of 
bility  in  water  ?    In  what  previous  experiment  has  it  been  used 

3.    What  is  the  formula   of  potassium   permanganate?      Do^ 
formula  suggest  its  oxidizing  power  ? 


IRON. 


^&^ 


Bzperlment  156,  —  Propetties   of    Iron.      Materials:    Cast  and 

wrought  iron,  steel,  magnet,  iron  wire,  iron  powder. 

(a)  Examine  cast  iron,  wrought  iron,  and  steel,  and  state  their  mosl 
obvious  physical  properties. 

(A)  Try  the  action  of  a  magnet  on  each.     Describe  the  result. 

(1;)  Drop  a  pinch  of  iron  powder  into  the  Bunsen  flame.  Hold  S 
piece  of  fine  iron  wire  in  the  flame.  Describe  the  results,  and  draw  a 
conclusion. 

Experiment  157.  —  Propertlea  of  Feiroua  Compomids.  M^t- 
rials:  Iron  powder  (or  filings),  hydrochloric  acid,  solutions  of  sodium 
hydroxide,  potassium  ferricyanide,  potassium  ihiocyanate,  potasainm 
ferrocyanide. 

Put  a  few  grams  of  iron  powder  in  a  test  tube,  add  about  10  cubic 
centimeters  of  dilute  hydrochloric  acid,  and  warm  gently ;  ferrous  chlo- 
ride is  formed  (in  solution).  Proceed  as  follows:  (1)  PouralittleioloJ 
test  tube  one  third  full  of  sodium  hydroxide  solution.  The  predpitale  b 
ferrous  hydroxide.  Watch  the  changes  in  color.  To  what  are  the 
changes  due  ?  (2)  Add  a  second  portion  to  potassium  ferricyadlk 
solution.  The  precipitate  is  ferrous  ferricyanide.  Describe  it,  (3)  AiM 
a  third  portion  to  potassium  thiocyanate  solution.  If  ferric  salts  IR 
absent,  no  change  results.  (4)  Add  a  fourth  portion  to  potasstnn 
ferrocyanide  solution.  The  precipitate  is  ferrous  ferrocyanide.  Dcsctibt 
it.     Tabulate  the  results  as  described  in  the  next  experiment 

Experiment  158.  —  Propertdea  of  Ferric  Compounds.     Matmdti 

Ferric  chloride  solution  and  the  solutions  used  in  Experiment  157. 
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To  a  little  ferric  cbloride  solution  add  (i)  sodium  hydroxide  solu- 
tion. The  precipitate  is  ferric  hydroxide.  Describe  it.  Add  to  ferric 
chloride  solution  (2)  a  little  solution  of  potassium  ferricyanide.  Com- 
pare the  negative  result  with  (z)  in  Experiment  157.  Add  as  above  (3) 
a  little  solution  of  potassium  thiocyanate.  The  rich  wic- red  coloration 
is  caused  by  the  soluble  ferric  thiocyanate.  This  test  distinguishes  ferric 
from  ferrous  compounds.  Add  as  above  (4)  a  little  solution  of  potas- 
sium ferrocyaaide.  The  precipitate  is  ferric  feiTOCyanide.  Describe  it. 
Tabulate  the  results  of  these  two  experiments,  showing  the  behavior 
of  ferrous  and  ferric  compounds  under  the  same  conditions. 

Experiment  1S9.  —  Reduction  of  Fenic  CompoimdB.  Mate- 
rials:  Ferric  chloride  solution,  zinc,  hydrochloric  acid. 

Put  a  piece  of  zinc  in  ferric  chloride  solution  made  slightly  add  by 
hydrochloric  acid.  The  nascent  hydrogen  reduces  the  ferric  to  ferrous 
chloride.  After  the  operation  has  proceeded  for  about  lifieen  minutes, 
test  a  portion  of  the  liquid  for  a  ferrous  and  a  ferric  compound  by  Ex- 
periments 157  (2)  and  158  (3).  If  the  tests  are  not  conclusive,  continue 
the  reduction  and  test  again.     Describe  the  result. 

Experiment  160. —  Oxidation  of  Feiroua  Componnds.  Mate- 
rials: Ferrous  sulphate,  hydrochloric  acid,  potassium  chlorate,  nitric 
add. 

(a)  To  a  solution  of  iresh  or  freshly  washed  ferrous  sulphate  add  a 
little  hydrochloric  add,  warm  gentlj',  and  then  add  a  few  crystals  of 
potassium  chlorate.  After  heating  a  short  time,  test  portions  of  the 
liquid  for  a  ferric  and  a  ferrous  compound. 

{b)  Add  10  cubic  centimeters  of  concentrated  nitric  acid,  drop  by 
drop,  to  a  hot  solution  of  ferrous  sulphate  to  which  a  littSe  sulphuric 
acid  has  been  added,  and  boil.  Test  portions  of  the  liquid  for  a.  ferric 
and  a  ferrous  compound  as  in  Experiment  159. 

(c)  Recall  a  third  illustration  of  the  oxidation  of  a  ferrous  to  a  ferric 
compound.     Describe  it  briefly. 

Experiment  161.  — PiopeitieH  of  Certain  Iron  Compounds.  Afa- 
terials ;  Ferrous  sulphate,  hematite,  limonite,  magnetite,  pyrite,  siderite. 

(o)  Examine  a  crystal  of  ferrous  sulphate,  and  state  its  most  obvious 
properties.  Heat  it  gently  in  a  test  tube  inclined  mouth  downward. 
Describe  the  result.     Test  this  crystal  for  ferrous  and  ferric  compounds 
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1  Experiment  159.    State  and  explaia  the  result.    What  ta  W* 
le  of  ferrous  sulphate? 

(A)  Examine  hematite,  limonite,  and  magnetite,  and  state  their  prop- 
erties. Draw  the  first  two  across  a  rough  sheet  of  paper  or  a.  piece  of 
ground  glass,  and  describe  the  "streak  "  made  by  each.  What  is  the 
formula  of  each  compound?  Prepare  a  hydrochloric  add  solution  of 
each  and  test  for  iron.     Stale  the  result. 

(<;)  Examine  pyrite,  and  slate  its  properties.  It  is  Iron  disulphide. 
What  is  its  formula?  For  what  is  it  used?  For  what  is  it  sometimes 
mistaken? 

(rf)  Examine  siderite,  and  state  its  properties.  It  is  ferrous  carbon- 
ate. What  ia  its  forniula?  Test  a  powdered  specimen  for  a  carbonate 
and  for  iron.    State  the  result. 

BzerdMB  for  Beviavr. 

1.  What  happens  when  iron  is  (a)  treated  with  acids,  and  (J)  heatej 
with  sulphur? 

2.  Describe  ferrous  sulphide.  What  are  formed  by  its  interaclioii 
with  warm  hydrocliloric  acid? 

3.  What  happens  to  iron  when  it  is  placed  in  copper  sulphaM 
solution? 

NICKEL  AND   COBALT. 
Bzpsriment  162.  —Test  for  NlckeL 

To  a  solution  of  nickel  chloride  add  sodium  hydroxide  to  alluUiil 
reaction.     The  precipitate  is  nickelous  hydroxide.     Describe  it. 

Experiment  163.  —  Teat  for  Cobalt.     Repeat  Experiment  101  {a}- 

ORGANIC  COMPOUNDS. 
Ezperimeat  164.  —  CompOBition  of  Organic  Compotmdc     ib- 

Uriiits:  Turpentine,  alcohol,  camphor,  kerosene,  sugar,  starch,  fioufi 
wood,  paper,  hair,  candle,  taper,  gelatine,  mustard,  silver  coin,  ttA 
litmus  paper,  soda  lime,  porcelain  dish,  kerosene  lamp,  two  bottles. 

(a)  Carbon.  (1)  Recall  or  repeat  the  experiments  which  showed 
that  carbon  is  a  constituent  of  wood,  cotton,  starch,  sugar,  illumiaatii^ 
gas  and  candle  svax.  (a)  Heat  a  few  drops  of  turpentine  in  a  porce- 
lain dish,  and  then  set  fire  to  it.  Does  it  contain  carbon?  Hold  a 
bottle  over  the  fiame  long  enough  to  collect  any  product,  and  then  tesi 
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the  contents  for  carbon  dioxide  witli  limewater;  does  the  observatiaa 
verify  the  previous  conclusion?  (3)  Repeat  (2)  with  alcohol.  Does 
alcoho!  contain  carbon  ?  {4)  Burn  a  small  lump  of  camphor  ia  a  porce- 
lain dish  or  on  a  block  of  wood.  Does  it  contain  carbon  P  (5)  Hold 
a  bottle  over  a  burning  kerosene  lamp  long  enough  to  collect  any  prod- 
uct, and  test  as  in  (2).     Does  kerosene  contain  carbon? 

(i)  Hydrogen,  (i)  Set  fire  to  a  few  drops  of  the  following  liquids 
in  a  porcelain  dish,  and  hold  over  each  llarae  a  cold  dry  bottle  long 
enough  to  allow  the  condensation  of  the  water  vapor,  which  is  always 
one  product  of  the  cambustion  of  organic  compounds  which  contain 
hydrogen ;  alcohol,  turpentine,  kerosene.  (2)  Heat  in  separate  test 
tubes  the  following  dry  solids,  and  if  they  contain  hydrogen,  a  little 
water  vapor  will  condense  on  the  upper  part  of  the  test  tube :  sugar, 
starch,  flour,  wood,  paper,  hair.  (3)  Hold  a  cold,  dry  botde  for  a  few 
seconds  over  a  burning  kerosene  lamp,  a  Bunsen  flame,  an  ordinary 
gas  flame,  a  burning  candle,  a  burning  taper,  and  describe  the  result. 
Is  hydrogen  a  component  of  kerosene,  illuminating  gas,  and  wax? 

{c)  Oxygen,  which  unites  with  the  hydrogen  of  organic  compounds 
to  form  the  water,  may  come  from  the  compound,  as  in  the  case  of 
sugar,  starch,  wax,  wood,  paper,  or  it  may  come  from  the  air.  No 
simple  experiment  will  determine  the  source  of  the  oxygen. 

{d)  Nitrogen.  Mix  a  little  granulated  gelatine  (one  part)  with  dry 
soda  lime  (two  parts)  and  heat  the  mixture  in  a  test  tube.  Hold  a 
piece  of  moist  red  litmus  paper  in  the  escaping  vapor.  It  will  be 
turned  blue  by  escaping  ammonia  gas.  Gelatine  (also  horn,  glue,  and 
leather)  contains  nitrogen,  which  is  liberated  in  combination  with  hydro- 
gen as  ammonia  gas. 

(,•)  Sulphur,  (i)  Put  a  little  mustard  paste  on  a  clean  silver  coin. 
The  brown  stain  is  silver  sulphide.  Explain.  (2)  Why  is  a  silver 
spoon  tarnished  by  a  cooked  egg? 

Draw  a  general  condusioo  regarding  the  composition  of  organic 
compounds. 


Experiment   165. — Preparation    and   PropertlM    of   Alcobol 

(Teacher's Bipoiiment.)  Materials:  Grape  sugar,  yeast,  limewater, 
bone  black,  sodium  hydro  d  Th  pp  atiis  consists  of  a  large  bottle 
provided  with  3  one-hol  rabl  I  pp  fitted  with  a  delivery  lube 
(like  C,  D,  E,  in   Fig.    104)      1     h  h  s  to  the  bottom  of  a  small 

bottle ;  the  latter  has  a  hi      t  pp        The  delivery  tube  passes 
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Ihrougli  one  hole,  and  through  the  other  passes  a  bent  tube  connedtd 
with  3  U-tube. 

I.  Put  a  liter  of  water  in  the  bottle,  add  150  grams  of  grape  sugar, 
and  shake  until  dissolved;  pour  150  cubic  centimeters  of  yeast  into  this 
solution.  Fill  the  small  bottle  half  full  of  limewater.  Kill  the  U-tubc 
with  pieces  of  sodium  hydroxide.  Connect  the  apparatus  aod  stand  it 
in  a  dark  place,  where  the  temperature  is  25°-3o"  C. 

Fermentation  begins  at  once,  and  carbon  dioxide  —  one  of  the  prod- 
ucts—  bubbles  through  the  limewater,  which  is  protected  from  tlie 
action  of  the  air  by  the  sodium  hydroxide.  Examine  the  stopper  for  a 
leak,  if  no  change  occurs  in  the  limewater.  The  operation  should  be 
allowed  to  continue  at  least  a  day,  and  longer  if  possible.  The  flask 
will  then  contain  mainly  water,  unchanged  grape  sugar,  alcohol,  and 
some  products  of  minor  importance.  Pour  oif  the  liquid,  agitate  it 
with  a  little  bone  black  to  remove  the  odor  and  color,  and  filter.  The 
alcohol,  which  varies  in  quantity  with  the  conditions,  is  dissolved  in  t 
large  excess  of  water  and  must  be  separated  by  distillation. 

II.  The  distillation  is  performed  with  the  apparatus  used  in  Experi- 
ment 13.  Fill  the  flask  half  full  of  the  liquid  fi^Jm  I,  add  a  few  pieces  of 
pipestem  (or  granulated  zinc,  or  glass  tubing)  to  prevent  '"bumping," 
and  distil  about  50  cubic  centimeters.  Save  the  distillate.  Replace  the 
residue  in  the  flask  by  more  liquid  from  I,  distil  again,  and  repeal  this 
Operation  until  all  the  liquid  has  been  used.  Replace  the  one-hole 
stopper  with  a  two-hole  stopper,  insert  a  thermometer  in  one  hole  so 
that  the  bulb  just  touches  the  surface  of  the  combined  dbtillates,  which 
should  now  be  distilled.  Heat  gently,  and  collect  in  a  separate  receive! 
the  distillate  which  is  formed  when  the  liquid  boils  between  So^awJ 
93°  C-    This  distillate  contains  most  of  the  alcohol. 

Test  as  follows:  — 

(a)  Note  the  odor. 

(6)  Drop  a  little  into  a  warm  dish,  and  hold  a  lighted  nriatch  over  it. 
Jf  it  does  not  burn,  it  shows  that  the  alcohol  is  too  dilute.  Put  a  litlie 
in  a  dish,  warm  gently,  and  light  the  vapor.     Describe  the  result. 

Experiment  166.— Properties  of  Alcohol.   (Optional.)  Sfaitmli! 

Alcohol,  camphor,  shellac,  rosin,  porcelain  dish. 

(a)  Determine  cautiously  the  odor  and  taste  of  alcohol.     Drop  a  Ullfe 
n  a  glass  plate  or  an  a  p\>iCe  a{  paper,  and  watcli  it  evaporate.    lllU   1 
e  of  evaporatioa  move  ta.p\i  'i.Wti  'Cwi'i  a\  ^ias*iH 
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(i)  Weigh  a  measured  quantity  (about  15  cubic  centimeters)  of  95 
per  cent  alcohol  and  calculate  its  speciiic  gravity. 

(c)   Alcohol  dissolves  many  organic  substances.     Try  camphor,  pow- 
dered shellac,  or  rosin.     Describe  the  result.    Verify  the  solvent  power   ^ 
of  alcohol  by  adding  water  to  the  solutions.     Describe  the  result. 

(rfj  Burn  a  little  alcohol  in  a  dish  and  observe  the  nature  of  the 
flame.     What  are  the  products  of  combustion? 

ZLspBrlment  167.  —  Preparatian  and  FropertieH  ol   Aldehydes.    I 

Materials  I   Concentrated   hydrochloric  acid,  ethyl  alcohol,  potassium    I 
dichromate  solution,  methyl  alcohol,  copper  wire,  forceps. 

{a)    Acetic  Aldekydi.     Add  a  little  concentrated  hydrochloric  acid    I 
and  several  drops  of  ethyl  alcohol  to  several  cubic  centimeters  of  potas< 
sium  dichromate  solution.     Warm  gently,  and  observe  the  peculiar- 
smelling  gaseous  product.     It  is  aldehyde  vapor,  aldehyde  itself  being  a 
colorless,  extremely  volatile  liquid,  which  boils  at  20.8°  C. 

(b)  Formic  Aldehyde  or  Formaldehyde.  Put  a  few  cubic  centimeters 
of  methyl  alcohol  in  a  test  tube  and  stand  the  test  tube  in  a  rack.  Wind 
a  piece  of  copper  wire  into  a  spiral  around  a  glass  rod  or  lead  pencil. 
Slip  the  spiral  from  the  rod,  grasp  one  end  into  the  forceps,  and  heat  the 
wire  red-hot  in  the  flame.  Then  quickly  drop  it  in  the  methyl  alcohol, 
The  pungent  vapor  which  is  suddenly  produced  is  largely  the  vapor  , 
of  formaldehyde. 

Experiment  168.  — PropertleBof  Ether.   Materials:  Ether,  evapo- 
rating dish,  glass  plate,  wax- 
Precaution.     Ether  vafor  is  easily  ignited,  and  should  never  be 
brought  near  a  flame. 

(a)  Pour  a  little  ether  into  a  dish  or  test  tube  and  observe  the  odor 
and  volatility.  Taste  cautiously.  Pour  a  drop  upon  a  glass  plate  or  a 
block  of  wood.  How  does  its  rate  of  evaporation  compare  with  thiit  of 
alcohol  ?     Pour  a  little  upon  the  hand  and  describe  the  result. 

(i)  Add  a  bit  of  wax  to  a  few  cubic  centimeters  of  ether,  and  shake. 
The  result  is  typical ;  draw  a  conclusion. 

Experiment  169.  —  Properties  of  Acetlo  Acid. 

Treat  acetic  acid  as  follows ;  — ■ 
(a)    Taste  (cautiously),  and  describe. 
1     (6)  Test  with  litmus  paper,  and  describe  tVie  teaxitt,. 
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{c)   Warm  a  little  in  a  test  tube,  and  smell  (cautiously), 
the  odor. 

Bzpeiiment  170.—  Propeitlea  of  Vinegar. 

(a)    Show,  experimentally,  that  vinegar  contains  acetic  acid. 

(A)    Repeat  Experiment  60,  using  vinegar  instead  of  indigo  solution. 

Experiment  171,  —  Teat  for  Acetic  Acid  and  Acetates. 

Cautiously  add  a  few  drops  of  concentrated  sulphuric  acid  to  equal 
(and  small)  volumes  of  acetic  acid  and  alcohol.  Shake  and  warm 
gently.  The  pleasant,  fruitlike  odur  is  due  to  the  vapor  of  ethyl  ace- 
tate, a  volatile  liquid  which  is  always  formed  under  these  circumstances, 

(Note,  — This  experiment  is  also  a  test  for  alcohol.) 

Experiment    172.  —  PreparatioD    and    PropertleB  of   AcetatM. 

Materials  for  (a)  t  Sodium  carbonate,  acetic  acid,  concentrated  sul- 
phuric acid,  alcohol,  porcelain  (or  agate)  dish.  For  (^)  .■  liCbargCr 
acetic  acid,  porcelain  dish. 

Prepare  one  or  both  of  the  following  acetates :  — 

(a)  Sodium  acetate.  Dissolve  20  grams  of  sodiurn  carbonate  in  10 
cubic  centimeters  of  water  in  a  porcelain  (or  agate)  dish,  and  alowlj 
add  30  cubic  centimeters  of  commercial  acetic  acid,  with  constant  si 
ring.  If  the  solution  is  not  acid,  add  a  little  more  acetic  acid.  Htter 
the  solution,  if  not  clear.  Evaporate  to  crystallization.  Wheo  Ih* 
crystals  have  formed,  remove  and  dry  them.  Describe  the  crjstalj. 
Prove  that  they  contain  water  of  crystallization.  Test  the  acetate  ai 
follows:  (i)  Dissolve  a  little  in  water,  add  a  few  drops  of  concen- 
trated sulphuric  acid,  and  boil.  What  does  the  odor  show  is 
What  other  acids  have  been  similarly  prepared?  (2)  Diss 
(i),  add  a  few  drops  of  alcohol  and  of  sulphuric  add,  and  boil.  \Vbil 
does  the  odor  conclusively  prove?  Preserve  the  crystals,  finally,  in  a 
glass-stoppered  bottle,  or  in  one  having  a  cork  covered  with  paraffin. 

(*)  Lead  acetate  (^pBisoHOHs).  To  10  grams  of  lilhargeadd  lamibic 
centimeters  of  commercial  acetic  acid  in  small  portions.  Stir  the  m 
ture  constantly  during  the  addition  of  add.  After  all  the  acid  has  been 
added,  heat  gently  until  the  action  ceases.  (If  the  solution  is  gftenot 
bluish,  it  is  due  to  a  copper  compound.  The  copper  may  be  precipi- 
tated and  removed  mechanically  by  standing  a  strip  of  Ic.id  ii 
tion  for  an  hour  or  more.     Pour  off  the  dearer  liquid  and  then  fillet.) 


Organic  Compounds.  547 

Evaporate  cautiously  to  crystallization.  Remove  the  crystals  from 
the  liquid,  and  dry  at  a  moderate  temperature.  Preserve  the  crystals 
finally  as  in  (a).  Describe  the  crystals.  Test  them  for  lead  (see  Exp. 
145  (^)),  and  for  an  acetate. 

Bzpeilmaat  173.  —  Properties  ol  Certain  Organic  Acids.  Mate- 
rials: Tartaric  and  citric  acids,  potassium  permanganate  solution, 
sodium  bicarbonate,  sugar,  concentrated  nitric  add,  evaporating  dish, 
litmus  paper. 

(i)  Tartaric  acid.  Observe  and  describe  the  results  in  the  follow- 
ing :  (<i)  Taste  cautiously  a  dilute  solution  of  tartaric  acid,  (i)  Apply 
the  litmus  test,  (f)  Add  a  little  of  the  solution  to  a  sodium  bicarbonate 
solution,  (rf)  Dissolve  two  or  three  crystals  of  potassium  permanga- 
nate in  a  test  tube  half  full  of  water,  add  a  little  sodium  hydroxide  solu- 
tion and  two  or  three  pieces  of  tartaric  acid  (solid).  Warm  gently,  but 
do  Dot  shake.  The  change  is  due  to  the  reduction  of  the  potassium 
permanganate  by  the  tartaric  acid. 

(2)  Citric  acid.     Proceed  as  in  (1)  with  citric  acid. 

(3)  0,01//^  Acid,  {a)  TUs  acid  is  polsononB.  Do  not  taste  it. 
(*)  and  {c)  Proceed  as  in  (i).  (rf)  Dissolve  two  or  three  crystals 
of  potassium  permanganate  in  a  te.st  lube  half  full  of  water  and  add  half 
the  volume  of  sulphuric  acid.  Add  oxalic  acid  solution  until  a  decided 
change  appears.  Describe  and  explain  it.  {«>  Add  a  few  dropa  of 
ink  to  oxalic  acid  solution,  and  shake.    Describe  the  result. 

Xizperimsnt  174.  —  Preparation  and  Properties  of  Ethyl  Ace- 
tate. 

Repeat  Experiment  171. 
Answer  ; 

(1)  What  class  of  organic  compounds  does  ethyl  acetate  represent  ? 
What  general  property  has  this  class  ? 

(2)  To  what  inorganic  compound  does  ethyl  acetate  correspond? 

(3)  What  is  the  relation  of  ethyl  acetate  to  {a)  alcohol  and  (i)  ac^ 
tic  acid  ? 

Ezperiment  175.  —  Preparatioii  of  Soap. 

Prepare  soap  in  an  iron  or  a  tin  dish  by  one  of  the  following 
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(a)  Dissolve  10  grams  of  sodium  hydroxide  in  75  cubic  ct 
water,  acid  30  grams  of  lard,  and  boil  until  tlie  mixture  begins  to  solidi^'. 
Tlien  add  20  grams  of  fine  salt  in  small  portioQS.  Slir  constantly  diriog 
the  addition  of  the  salt.  Boil  a  few  minutes.  Let  the  mass  cool,  and 
tlien  remove  the  soap,  which  will  form  in  a  cake  at  the  surfece. 

(6)  Dissolve  13  to  15  grams  of  sodium  hydroJtide  in  100  cubic  cenli- 
melers  of  water,  add  100  cubic  centimeters  of  castor  oil,  and  Ijoil  for 
about  half  an  hour.     Add  20  grams  of  salt,  and  then  proceed  as  in  (a). 

(f)  Dissolve  8  grams  of  potafeium  hydroxide  in  150  cubic  crafr 
meters  of  alcohol,  add  10  grams  of  lard,  and  stir  constantly  while  the 
mixture  is  being  heated  cautiously  to  sirupy  consistency.  Allov  tht 
solution  lo  cool.     The  jellylike  product  is  soap. 

Preserve  a  sample. 

Experiment  176.  —  Fropertiea  of  Soap.  Maleriaks  Soapisnl- 
phuric  acid,  calcium  sulphate,  magnesium  sulphate,  and  acid  caldun 
carbonate  solutions. 

Test  as  follows  the  soap  prepared  in  Experiment  175  :  — 

(«)  Leave  soap  shavings  exposed  lo  the  air  for  several  da]^  Wlut 
does  the  result  show  about  the  presence  of  water  in  the  so^  ? 

{J>)   Test  soap  solution  with  litmus  paper. 

(c)  Add  considenible  dilute  sulphuric  acid  to  3  soap  solution.  The 
precipitate  is  a  mixture  mainly  of  palmitic  and  stearic  acids.    Dcjoibe  il- 

((/)  To  a  little  soap  solution  in  separate  test  tubes  add  caldum  sul- 
phate and  magnesium  sulphate  solutions.  Describe  the  result.  Boil 
for  a  few  minutes  and  describe  the  result.  Prepare  a  solution  of  acid 
caldum  carbonate  by  passing  carbon  dioxide  into  limewater  until  the 
precipitate  is  rcdissolved  (see  Hxp.  69V  Add  some  of  the  solution  In 
a  soap  solution,  and  describe  the  result.  Boil,  as  above,  and  desoibt 
tlie  result. 

Answer  ; 

(t)  What  is  hard  water  ?    Softwatcr? 

(2)  What  is  permanent  hardness?  Tempotaiy  faardaesa?  Ho* 
can  the  later  be  removed  ? 

Bxp«rimaDt  177-  — PrapettieB  of  O-lycerine. 

(n)  Add  a  little  glycerine  to  a  test  tube  half  full  of  water,  and  shalc- 
AM  considerable  more  gVceime,  and  shake.  TATial  does  the  itf* 
show  about  the  solubiWvv  <ji  ^■jceriQE\.vi'«aM3', 


Laboratory  Equipment.  549 

(d)  Cautiatisty  taste  the  liquid  resulting  from  (a).  Describe  the 
result. 

Experiment  178. — Fehllng^B  Test  for  Sugar.  Materials:  Copper 
sulphate,  Rochelle  salt,  sodium  hydroxide,  and  grape  sugar  solutions. 

Mix  equal  (and  small)  volumes  of  copper  sulphate,  Rochelle  salt,  and 
sodium  hydroxide  solutions  in  a  test  tube,  and  boil  carefully.  The 
mixture  should  be  strongly  alkaline.  Add  a  little  grape  sugar  solution, 
and  boil  until  a  decided  change  is  produced.  The  precipitate  is  cuprous 
oxide.    Describe  it. 

(Note.  —  Cane  sugar  must  be  changed  to  grape  sugar  by  boiling 
with  dilute  sulphuric  acid  before  the  above  test  is  applicable.) 

ExerciseB  for  Review. 

1 .  What  happens  to  sugar  and  starch  {a)  when*  heated,  and  ,(^) 
when  treated  with  concentrated  sulphuric  acid  ? 

2.  What  is  the  test  for  starch? 

3.  Discuss  the  solubility  of  alcohol  in  water. 

4.  What  is  the  effect  of  heat  upon  paper  and  cotton?  Of  potassium 
permanganate  on  paper? 

Ezpexlment  179.  — PropertieB  of  Benzene. 

Put  one  or  two  drops  of  benzene  in  an  evaporating  dish,  and 
cautiously  bring  a  lighted  match  near  it.     Describe  the  result. 


LABORATORY    EQUIPMENT. 

The  Equipment  of  a  laboratory  should  be  limited  solely  by  the  means 
at  the  disposal  of  the  teacher.  Accurate  and  rapid  work  is  largely 
determined  by  the  available  facilities,  and  no  pains  should  be  spared 
to  secure  the  equipment  which  will  yield  the  largest  educational  return 
for  the  time  and  money  expended. 

The  lists  given  below  include  the  apparatus  and  chemicals  needed  for 
the  experiments  in  this  book.  Quantities  and  prices  have  been  omitted 
in  justice  to  teachers,  dealers,  and  the  author.  Different  teachers  use 
different  quantities,  prices  fluctuate,  and  qualities  vary.  The  author,  at 
his  own  suggestion,  has  lodged  with  the  L.  E.  Knott  Apparatus  Co.,  16 
Harcourt  Street,  Boston,  Mass.,  information  legaxdvci^  ^^  o^-axCoJckft.^ 
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of  apparatus  and  chemicals  used  by  his  classes.  It  is  hoped  that  teacb 
ers  will  canespond  with  both  .luthor  and  dealer  when  prepariog  ordn 
lists.  The  author  takes  this  opportunity  to  say  thai  he  has  no  finaaoal 
connection  whatever  with  any  dealer  in  scientific  supplies. 


LIST  A.  — INDIVIDUAL  APPARATUS. 

This  list  includes  the  apparatus  constantly  used  by  a  single 
who  should  be  provided  with  each  piece.  The  set  will  cost  from  $4.75 
to  t5-  The  discount  on  apparatus  in  this  and  succeeding  lists depeiub 
upon  the  total  amount  of  the  order. 


6  Test  tubes,  6  X  J. 

3  Test  lubes,  8x1. 

I  Test-tube  holder. 

I  ■Pest-tube  rack. 

I  Test-lube  brush. 

I  Bun.sen  burner. 

I  Blowpipe. 

I  Blowpipe  tube. 

5  Bottles,  wide  mouth,  250  c( 

I  Funnel,  2j  in. 

I  Evapontting  dish. 

I  Pair  iron  forceps. 

1  Triangular  file. 


Mortar  and  pestle,  3  id. 

Deflagrating  spoon. 

Pneumatic  trough. 
;  ft.  Rubber  tubing,  J  in.  ii 
oo  Filter  papers,  4  in. 

ft.  Glass  rod. 
i  in.  Rubber  tubing,  ^j. 

One-hole  and  i  two-hole  nibbo 

stopper  to  fit  large  test  tube. 
t   ft.   Glass    tubing   to   fit  nlbber 

stoppers  (above). 

Safety  lube. 


LIST  B.— SPECIAL  APPAHATUS. 
This  list  includes  apparatus  used  occasionally.     Numbers  in  p 


theses  refer  to  e 


I  Crucible,  Hessian,  4  in. 

90). 
I  Dish,  lead  (80). 
I  Flask,  Erlenmeyer,  250 
1  Pinclicoek,  Mohr  (96). 
I  Acetylene  burner  (72). 
I  Thisde  tube  (96). 
I  Lamp  chimnej  (77). 


periments.     The ! 
deep  (59, 


t  will  cost  from  $3  to  $3.15. 

I  Graduated   cylinder,   25   CC.  (l) 

and  others). 
I  Magnet  (is6)- 
1  Candle  (63,  77). 
t  -Sand-bath  pan,  4  ii 
I  Wing-lop  burner  ( lot.  §  J 
I  Dish,  iron  or  tin  (109,  i 
I  Retort,  250  cc.  (49). 


List  E.  —  Chemicals. 
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LIST  C— APPARATUS    FOR  TEACHER'S   EXPERIMENTS. 

This  list  includes  the  additional  apparatus  for  the  Teacher's  Experi- 
ents.  Numbers  in  parentheses  refer  to  experiments.  The  set  will 
»st  about  $11. 


lectrolysis  apparatus  (22,  36). 
lask,  500  C.C.  (10,  13,  165). 
wo-hole  rubber  stopper  for  above, 
•tube  (10,  73,  165). 

One-hole    rubber   stoppers    for 

above. 

in.  Capillary  tubing  (10,  22,  36). 

ft.  Glass   tubing   to   fit  rubber 
stoppers. 


I  Safety  tube  (iq). 

I  Condenser  complete  (13,  165). 

I  Tripod  (13). 

I  Thermometer  (165). 

I  Chlorine  tube  (23). 

I  Ignition  tube,  6  in.  (73). 

I  Bottle,  wide  mouth,  50  cc  (10). 

Battery,  3  cells  (Grenet)  (22,36, 37). 

I  Bottle,  2000  cc.  (165). 


LIST  D.  — GENERAL  APPARATUS. 

This  list  includes  the  general  laboratory  apparatus.  It  should  be 
itended  as  demands  arise.  It  does  not  include  such  items  as  dupli- 
.te  stoppers,  extra  glassware,  tools,  etc.  Special  inexpensive  articles 
e  noted  in  the  experiments  and  in  the  "Handbook  for  Teachers" 
companying  this  book. 

Sand. 


jrks,  assorted. 

jpper  wire.  No.  20. 

lass  plates,  4x4  in. 

on  stands,  3  rings,  2  clamps. 

atches. 

'ire  gauze,  iron,  4  x  4  in. 

'ooden    blocks,    6x6x1     in., 

6  X  6  X  I  in.,  4  X  4  X  J  in.  (with 

J  in.  hole  in  center  —  see  Exp. 

38)- 


Wood,    thin   sticks    (Exp.  45  and 

others) . 
Rule,  foot  and  30  cm. 
Scales,  trip. 
Weights  for  above. 
Tapers. 
Emery  paper. 
Kerosene  lamp. 
Graduated  cylinders,  500  cc,  100  cc. 


LIST  E.  —  CHEMICALS. 

This  list  includes  the  chemicals  needed  for  this  book.     Numbers  in 
irentheses  refer  to  experiments  in  which  the  chemicals  are  used. 


cid,  acetic, 
citric. 


Acid,  hydrochloric, 
nitric. 


/ 


^r           552                                 Exper 

^^1 

Add,  oxalic. 

Coin  (silver).                     ^| 

pjTogaUic  (25). 

Copper  nitrate.                -  ^^H 

sulphuric. 

sheet,  and  honng^^M 

tartaric. 

sulphate  (ciyst.J.^^H 

Alcohol,  ethyl. 

Cotton  (absorbent).         ^H 

methyl  {167). 

Cream  of  tartar.               ^H 

Alum,  chrome. 

^H 

potassium. 

Fiour  (164).                    ^H 

Aluminium,  metal,  and  sulphate. 

Galena  {14S}.                 ^^M 

carbonate. 

Gelatine.                             ^^M 

Glycerine.                           ^^H 

hydroxide. 

Gold  leaf  (book).             ^H 

nitrate. 

Hematite  (161).                ^H 

oxalate. 

Indigo.                                  ^^M 

sulphide. 

Iodine.                                   ^H 

Arsenious  oicide  (gs-  '°S)- 

Iron,  chloride  (t'c).             ^H 

Asbestos,  shredded  (73). 

filings.                       ^H 

Baking  powder  (68). 

powder.                    ^^^ 

Barium  chloride,  and  nitrate  ( 1 25). 

pyrites  (161).            ^^M 

Benzene  (179). 

sulphate  (_ous).         H 

Bismuth  (107). 

sulphide  (0MJ).         ^M 

Bleaching  powder. 

wrought.                 ^^1 

Borax  (powd.). 

Kerosene.                        ^^H 

Cadmium  chloride  (131)- 

Lead  acetate.                     ^^M 

Calcium  carbide  (72). 

carbonate.               ^^| 

carbonate  (marble). 

dioxide  (peroxide>^^H 

chloride. 

nitrate.                     ^^| 

fluoride  (80). 

monoxide  (lithar;gq^^| 

oxide  (lime). 

^^M 

sulphate. 

^H 

Camphor  (164). 

tetroxide.                ^^| 

Carbon  disulphide. 

Limonite  (161).                 ^^H 

Chalk  (native)  (68). 

Litmus  paper.                   ^^^| 

Charcoal,  animal  fpowd.}, 

Magnesium  oxide.            ^^M 

lump. 

^H 

wood  (powd.), 

sulphate.       ^H 

Coal,  .soft. 

Magnetite  (r6i).             ^H 

Cobalt,  nitrate. 

Manganese  dioxide.         ^^H 

Cochineal. 

sulphate.        ^H 

Solutions. 


SS3 


rcury. 

rcuric  chloride, 
nitrate, 
oxide  (7). 
rcurous  nitrate, 
stard. 

kel  chloride  (162), 
affin. 

inolphthalein  (66). 
assium,  metal  (no). 

bromide. 

carbonate. 

chlorate  (crjst.). 

chlorate  (powd.). 

chloride. 

chromate. 

dichromate. 

ferricyanide. 

ferrocyanide. 

hydroxide. 

iodide. 

nitrate. 

permanganate. 

sulphate. 

sulphocyanide  (thiocya- 

nate)  (157-158)- 
ite  (161). 
11  (50). 

:helle  salt  (178). 
;in. 

;nite  (gypsum,  cryst). 
llac. 

srite  (161). 
er  nitrate. 

P-   • 


Soda  lime  (164). 
Sodium,  metal. 

bicarbonate. 

carbonate. 

chloride. 

hydroxide. 

hyposulphite  (thiosul- 
phate) . 

nitrate. 

phosphate    (disodium 
phosphate). 

silicate  (loi). 

sulphate. 

sulphate  (acid)  (30). 

sulphite  (96). 
Stannous  chloride  (tin  crystals) 
Starch. 
Steel. 

Strontium  nitrate  (123). 
Sugar,  cane,  and  grape  (165). 
Sulphur,  flowers. 

roU. 
Tartar  emetic. 
Tin,  granulated. 
Tooth  powder  (68). 
Turpentine. 
Vaseline. 
Vinegar. 
Water,  distilled. 
Whiting  (68) . 
Wood  ashes. 
Zinc,  granulated, 
oxide, 
sheet, 
sulphate. 


SOLUTIONS. 

The  following  solutions  are  needed  for  the  experiments  in  this  book. 
>se  not  included  are  described  in  the  experiments  requiring  their  use 
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Alum,  10  f)er  cent. 

Ammonium  cliloride,  lo  per  cent. 

Ammonium  hydroxide,  I  vol.  to  3 

Ammonium  oxalate,^  4  per  cent. 

Ammo  mum  sulphide,  1  vol.  to 
I  vol,  water. 

Barium  chloride,^  5  per  cent. 

Battery  solution  (Grenet).  Dis- 
solve 103  gm.  powdered  potas- 
sium dichromate  in  t  liter  of 
water  and  slowly  add  103  gm. 
cone,  sulphuric  add  with  con- 
stant stirring. 

Caelum  chloride,  10  per  cent. 

Chlorine    water,i     saturated    (see 

Exp.  13.  38). 
.  Cobalt  nitrate,  5  per  cent. 

Cochineal.     Prepare  as  described 

under  Indigo- 
Copper  sulphate,  to  per  cent. 

Dlsodium  phosphate,  to  per  cent. 

Ferric  chloride,  5  per  cent. 

Ferrous  sulphate,'  10  per  cent. 

Hydrochloric  add,  i  vol.  to  4  vols. 

Indigo.    Grind  a  little  with  water 

and  dilute  as  desired. 
Iodine.    Grind  to  solution  12  gm. 
iodine,  20  gm.  potassium  iodide. 
10  cc.  water,  aad  add  to  1000  cc. 

tead  acetate,  10  per  cent- 
Lead  nitrate,  10  per  cent. 
Limewaler.     Let  tt-ater  stand  over 

lime  for  several  days,  and  siphon 

off  the  dear  liquid. 


Magnesium  sulphate,  loper  cest. 
Manganese  chloride,  10  per  cent. 
Mercuricchloride,spercent.   Pol' 

Mercurous  nitrate,'  s  per  cent 
Nitric  add,  t  vol.  to  4  vols,  water. 
Potassium  bromide,  5  per  cent 
Potassium  chloride,  5  per  cent. 
Potassium  chromate,  10  per  cent. 
Potassium  dichromate  (or  bidhni- 

mate),  5  per  cent. 
Potassium    ferricyanide^    10    ps 

Potassiunj    ferrocyanide,    10  pff 

Potassium  hydroxide,  10  per  cent 
Potassium  iodide,  5  per  cent. 
Potassium  nitrate,  10  per  cent- 
Potassium    permanganate)'  5   P" 

Potassium  sulphate,  10  per  ceo). 
Potassium  thtocyanate  (or  sulpb^ 

cyanide),  t  per  cent. 
Silver  nitrate,  5  per  cent. 
Sodium  carbonate,  10  per  cent. 
Sodium  chloride,  10  per  cent. 
Sodium  hydroxide,  10  per  cent 
Stannous  chloride.'      Dissolve  !<* 

gm.  of  the  salt  in  tooo  cc.  W 

cone,  hydrochloric  add,  and  vw 

a  piece  of  tin. 
Sulphuric  add,  I   ml.  la  A 

Tartar  emetic,  10 
Zinc  sulphate,  10  per  a 


INDEX. 

jro,  439. 

Acid,  continued. 

17. 

Gallic,  432. 

ti9. 

Glacial  acetic,  415. 

:,  419. 

Glacial  phosphoric,  268. 

,415- 

Hydriodic,  232. 

ition,  170,  416. 

Hydrobromic,  230. 

415. 

Hydrochloric,  140, 

tion,  415. 

Hydrocyanic,  198. 

ies,  415. 

Hydrofluoric,  227, 

414. 

Lactic,  418. 

9. 

Malic,  418. 

1 16,  205. 

Metaphosphoric,  268. 

linant,  2o6< 

Metastannic,  355. 

207. 

Muriatic,  92,  140. 

ition,  206. 

Nitric,  154, 

/e  properties.  205, 

Nitrosylsulphuric,  248. 

207,  216. 

Nitrous,  159. 

ion,  207. 

Nordhausen  sulphuric,  252. 

205. 

Orthophosphoric,  268. 

202. 

Oxalic,  417. 

206. 

Palmitic,  417. 

',  415- 

Perchloric,  91, 

,431- 

Picric,  431. 

,  261. 

Prussic,  198, 

61. 

Pyrogallic,  431. 

417. 

Pyroligneous,  415, 

421. 

Pyrophosphoric,  269. 

,421. 

Pyrosulphuric,  252. 

'.  431' 

Salicylic,  431. 

c,  194, 

Silicic,  257, 

91. 

Stearic,  417. 

s»  91. 

Sulphocyanic,  198. 

.19. 

Sulphuric,  246. 

198. 

Sulphurous,  244,  245. 

ilphuric,  414. 

Tannic,  432. 

sulphuric,  2^1, 

TaxUxic,  \\%. 

Index.                          ^H 

Acid  calcium  sulphate,  ^45. 

Of  air,  196. 

Oxide,  97. 

Weight  of  Uter,  62. 

Phosphate,  90,  269. 

Alabaster,  326. 

Potassium  fluoride,  226 

Alchemists,    IS4.   157.   "SS.  !3S.  3 

Reaction,  90. 

25".  308,  314.  354.  37* 

Salt,  96. 

Alcohol,  ethyl,  409. 

Sodium  carljonnte,  aSg. 

Absolute,  410. 

Sodium  sulphate,  245. 

Commercial,  410,  411.      ^^ 

Sulphates,  251. 

Denatured,  410.               ^^| 

,                 Acidity,  94. 

Fermentation,  416.         ^H 

Acids.  90. 

Formulas,  407.                 ^H 

And  ioDization,  126. 

Oxidation,  412.              ^^| 

And  oxygen,  iS. 

Preparation,  410.           ^H 

Chlorine,  91. 

Pure,                              ^^1 

Commercial  names,  92. 

Test.  4:9.                       ^H 

Defined,  90. 

Uses,  410.                      ^^1 

Dibasic,  92. 

Alcohol,  methyl,  409.         ^H 

General  properties,  S;. 

Triacid,  420.                 ^^M 

In  familiar  substances,  90, 

Wood,  409.                   ^^1 

Monobasic,  92. 

Alcoholic  liquors,  41 1.      ^H 

Nomenclature,  91. 

Alcohols,  403.                    ^^H 

Organic,  92,  414- 

Constitution,  409.        ^^| 

Oxreen  in.  97. 

General  nature,  408.    ^^^| 

Relation  of  oxides  to,  96. 

Aldehyde,  acetic,  412.       ^H 

Tribasic,  92. 

Benzoic,  431.                ^H 

Addition  products,  204. 

Formic,  41  z.                 ^^H 

Agate,  ass. 

SalicyUc  432.               ^H 

Ait,  61. 

Aldehydes,  412.                 ^H 

Acid  0^  196. 

Alizarin,  367,  433.            ^^H 

Alkaline,  149. 

Alkali.  92,  93, 94.              ^H 

Bad,  67. 

Action  on  litmn^  93.  ^H 

^^^^H^         Composition,  64. 

And  gksi.  259.             ^H 

^^^^^h         Dephlogisticated,  l3. 

Metals,  ZS4,                   ^H 

^^^^^1         Emp)^ea1, 

5odium  carbonate,  zSft^H 

^^^g          Fixed.  196. 

Volatile.  93,  149-          .^H 

Alkalies,  common  name^j^H 

K'                          Hydrogen  dioxide  in,  60, 

Fixed,  93.                    ^^1 

■                          Liquid,  69. 

Propertiei,  93.               ^^H 

■                         Marine  add,  140. 

Alkaline,  92.                     ^H 

M                        Mixture,  69. 

Air,  149.                         ^H 

■                        Relative  humidity,  66. 

Earth  metals,  319.     ^^H 

H                         Set  Atmosphere. 

Reaction,  93.               ^^H 

■                      Slaked  lime,  yu,. 

I        S,i.\iote,  257,  258.        ^H 

1     „.. 

^^^^^^^^^^1 

Index. 


191. 

Aluminium,  continued, 

modification,  191. 

Chloride,  351. 

,  190. 

History,  343,  344,  345. 

.255- 

Hydroxide,  348. 

r»  239. 

Impurities,  345. 

ti,  190. 

In  gems,  347. 

191. 

Leaf,  346. 

» 

Metallurgy,  343,  344. 

»ny»  356»  360. 

Name,  343. 

»305- 

Occurrence,  343. 

.  337.  360. 

Older  processes,  344, 

560. 

Oxide,  343,  346,  347. 

sium,  346. 

Price,  345. 

nese,  369. 

Production,  ^/[/\, 

y»  339. 

Properties,  345, 

306. 

Silicate,  351, 

m,  394. 

Sulphate,  348. 

3". 

Test,  347. 

6. 

Uses,  346. 

06,  336. 

Alumino  ferric  cake,  348. 

;o2. 

Aluminum.     See  Aluminium. 

j8. 

Alondum,  347. 

• 

Alunite,  350. 

nium,  349. 

Amalgamated  zinc,  339. 

349. 

.Amalgamation,  281. 

J48. 

Process  for  silver,  309. 

e»  350.  367*  368. 

Amalgams,  defined,  282,  339. 

itrated,  349. 

Gold,  339. 

.1  formula,  350. 

Tin,  339,  356. 

h  350. 

Amethyst,  255. 

86. 

Oriental,  347. 

um,  349. 

Ammonia,  147. 

350* 

Anhydrous,  148. 

550. 

As  a  refrigerant,  152. 

i»349. 

Composition,  153. 

43. 

Formation,  147. 

;46. 

From  coal,  147,  148. 

ition,  347. 

In  ice-making,  152. 

iminium  oxide. 

Liquefied,  148,  149,  153, 

5,  348. 

Muriate  of,  151. 

i»  343. 

Near  stables,  147. 

5,  350.  417- 

Of  commerce,  148. 

344»  346. 

Preparation,  147. 

,  305*  346. 

Properties,  148. 

2,  203. 

Soda  process,  2,%9. 

^r             4                                        Index. 

Ammonia,  crtnHttued. 

Antidote  for  araenic  poisoning, 

Uses,  153. 

385. 

Water.  149. 

Antifriction  metals,  336. " 

Amraoniacal  liquor,  a  13. 

Antimony,  274. 

Ammonium,  150. 

Acids,  274,                          ^ 

Alum,  349. 

Alloys,  35^  3^            ^H 

Carbonate,  152. 

As  metaUoid,  278.           H 

Chloride,  151. 

Chlorides,  275.               ^H 

Compounds,  419,           ^H 

Name,  274.                     ^H 

Hydroxide,  148,  149,  150. 

Oxides,  274.                      H 

Molybdate,  369. 

Oxycbloridcs,  275,         ^H 

Nitrate,  152. 

Test,  273.                          ^1 

Sulphate,  151. 

Sulphide,  152. 

Apatite.  225,  265.                  ^H 

Sulpliocyanale,  151. 

Aqua  ammonia,  148,  149^    ^H 

Salts,  150. 

Fortis,  158.                       ^1 

Amorphous,  1 84. 

Reg:ia,t6a,  316.            ^H 

Carbon,  iSt,  1S4,  190. 

Argentiferous  lead,  308.     ^H 

Sulphur.  139,  240. 

Argentite,  30S.                      ^H 

Amygdalin,  432. 

Argentum.  308.                 ^H 

Amyl  acetate,  419, 

Argol,  41 8.                           ^H 

Valerate,  4  [9. 

Argon,  6g,  404.                ^^1 

Anteathetic,  412,413. 

Aiiatotle,  61.                       ^^H 

Analysis,  3,  50. 

Armor  plate,  380,  389.     ^H 

Qualitative,  242. 

Spectrum,  403. 

Arsenic,  273.                     ^^H 

Water,  39. 

Acids  and  ■alt^  273.  ^^H 

Angiesite,  357. 

Antidote,  273,  3S5.     ^^H 

Anhydride,  97. 

Carbonic,  195. 

Marsh's  test,  373.        ^H 

Nitric,  163. 

Ores,  272.                    ^H 

Nitrous,  163. 

Oxide,  273.                 ^^H 

Anhydrite,  326. 

Poisoning,  273,  385.  ^H 

Aniline,  431. 

Pyrites,  27a.               ^^1 

Dyes,  431. 

Sulphide,  273.            ^H 

Animal  charcoal,  189. 

Test,  273.                   ^H 

Anion,  120,  lar. 

Trioxide.  271.            ^H 

Annealing  glass,  260, 

Uses,  272.                   ^H 

Anode,   izo,  121,  285,  291,  303,  312, 

Vapoi  density,  i6»    ^H 

332.344- 

White,  272.                 ^^H 

Anthracene,  432, 

Arsenious  oxide,  373,      ^^H 

Anthracite  coal,  185,  \%(>. 

1  tiTKodlite,  273.                ^^^H 

Antichlor,  138,245.  ^S^' 

Index. 


Artificial  diamonds,  346, 

Graphite,  118. 

Stone,  333. 
Asbestos,  331. 
Ash,  black,  288. 

Seaweed,  230,  231. 
Ashes    and    potassium    compounds, 

298. 
Atmosphere,  6i. 

An,  62. 

And  plants,  194. 

Argon  in,  68. 

Carbon  dioxide  in,  67* 

Composition,  64. 

Inert  gases  in,  69. 

Ingredients,  62. 

Nitrogen  in,  72. 

Of  sun,  23. 

Oxygen  and  nitrogen  in,  63. 

Ozone  in,  22. 

Pressure,  62. 

Properties,  61. 

Water  vapor  in,  31,  66, 

See  Air, 
Atomic  theory,  79. 
Atomic  weights,  lOi. 

And  symbols,  103. 

And  valence,  178. 

QassiHcation  by,  397. 

Determination,  170. 

Methods  of  determining,  170. 

Relation  of  properties  to,  398. 

Standards,  102. 

Table,  448. 
Atoms,  79,  81,  372. 

And  ions,  125. 

And  molecules,  80. 

Combining  power,  176,  177,  406. 

In  a  molecule,  168,  174,  191,  204, 
232,  238,  267,  272,  286,  336, 

339»  407, 430. 
Replacement  of,  176. 

Space  relations,  178. 

Attraction,  chemical,  4, 

iurum,  314. 


Avogadro,  167,  442, 
Hypothesis,  167, 
Azote,  63, 
Azurite,  301,  308, 

Babbitt's  metal,  336, 

Bacteria,  155. 

Baking  powder,  290,  4lS. 

Soda,  290. 
Balard,  230,  442. 
Bamboo,  257. 
Barite,  329. 
Barium,  328. 

Carbonate,  329, 

Chloride,  329. 

Compounds,  329, 

Dioxide,  59. 

Nitrate,  329. 

Oxides,  12,  59,  329. 

Sulphate,  329,  362. 

Sulphide,  329, 

Test,  329. 
Barley  sugar,  424, 
Baryta  water,  329, 
Base,  92,  93. 

Ammonium  hydroxide  as,  150. 

Diacid,  94. 

Monacid,  94. 

Triacid,  94, 
Bases,  88. 

And  ionization,  126. 

Nomenclature,  93. 
'  Relation  of  oxides  to,  96. 
Basic,  93. 

Bismuth  nitrate,  276. 

Oxides,  97. 

Salt,  96. 
Basicity,  92. 
Basil  Valentine,  246, 
Bath  metal,  305. 
Battery,  electric,  1 20, 

Leclanche,  151. 
Baux,  deposits  at,  348, 
Bauxite,  348, 
Becher,  16, 442* 


Index. 


Beef  fat,  4aa 
Beehive  oven,  iS^, 
Beer,  193,411. 
Beet  sugar,  424. 

Potassium  carbonate  from,  297. 
Bell  metal,  306. 
Bench  of  retorts,  21a 
Benzene,  213,  45a 

Constitution,  450. 

Derivatives,  450. 

Series,  202. 

Source,  429. 
Benzine,  20S,  4ja 
Benzoic  add,  431. 

Aldehyde,  431* 
Benzol,  430. 
Bergman,  196^  443. 
Berlin  blue.  3$$. 
BeithoUet,  77,  443. 
Bei%lliun^  401* 
Berr^as,443. 

And  Dnking,  57* 
Bessemer,  443. 
Besaemer  ste^  3SU 
Bevtra^^es,  sfiaiUii^  103. 
I^^arKvute,  9L>dmm»  i<k;. 

I^nan*  oc4»pottnis  9^  1 7^ 
Bfcmiie^  57^ 

CaxK^ciatf^  575. 
IHcw5.>e,  s^ 

«  ■  ■* 

¥)Jt««M^>«l.<#.iia»  )^  1:$^  £K)k 


Bivalent  elements,  176^ 
Black,  196,  334,  443. 
Black  ash  process,  288. 

Damp,  203. 

Lead,  183,  357,  359. 

Magnesia,  370. 

Chdde  of  manganese,  37a 
Blast  furnace,  275,  281. 

Lamp,  29. 
Bleaching  by  chlorine,  136,  137, 15& 

Hydrogen  dioxide,  6a 

Sodium  peroxide,  293. 

Sulphur  dioxide,  244. 
Bleaching  powder,  137. 
Block  tin,  355. 

Pipe,  40. 
Blood  and  oxygen,  16^  17. 

Iron,  373. 
Bk>w,  water  gas,  213. 
Blowpipe,  222. 

Flame,  29,  222. 

Qxyby^drogen,  17,  28L 
Kne  paint,  417. 

Print  paper,  388. 

Stone,  307. 

\ltriol,307. 
Bonds,  407. 
Bone  ash,  pboiplMnB  firao^  2651 

CDpd,3iOu 
BosebUd:,  1S9. 
BeiDcs,  271. 


Bxiks,  xcferoHX,  450. 
Boca^aod,  3&l» 
Bcimdte,  2DL. 
Borax.  261,  262. 

Asi  su333erii^  fl6^ 

Bead.  26a. 
Bciiii:  JU33,  j6i. 

Kinaiie,  joi,  573. 
K-^'ift.  64,  4tJ. 
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Brand,  265. 
Brandy,  41 1. 
Brass,  305. 

Cyprian,  301. 
Braunite,  369. 
Bread  making,  419,  427. 
Breathing,  16,  17. 
Bricks,  352. 
Brimstone,  238. 
Brines,  287. 

Britannia  metal,  306,  356. 
British  coal  fields,  187. 

Gum,  427. 
Brittle  metals,  279. 
Bromides,  230. 
Bromine,  228. 

Commercial  process,  229. 

Compounds,  230. 

Discovery,  230, 

Name,  229. 

Production,  230. 

Properties,  229. 

Uses,  230. 

Water,  229. 
Bronze,  305. 

Aluminium,  305. 

Phosphor,  305. 

Silicon,  305. 
Brown  iron  ore,  374. 
Bullets,  360. 
Bunsen,  64,  219,  284,  403,  443. 

Burner,  219. 

Flame,  219,  220,  221. 
Burette,  98. 
Burner,  acetylene,  207. 

Bunsen,  219. 

Self-lighting,  26. 
Burning,  15. 
Burnt  alum,  349. 
Butane,  203. 
Butter,  421. 

Artificial,  421. 

Rancid,  417. 
Butylene,  204. 
Butyric  acid,  417. 


Cadmium,  337, 

Sulphide,  337. 

Test,  337. 

Vapor  density,  169. 
Caesium,  284,  299,  403. 
Caffeine,  433. 
Cake,  alum,  348. 

Alumino  ferric,  348. 

Press,  296. 

Salt,  288. 
Calamine,  334. 
Calcarone,  236. 
Calcination  of  ores,  281. 
Calcite,  320. 
Calcium,  319. 

Preparation,  319. 

Properties,  319,  320. 

Test,  328. 
Calcium  acid  carbonate,  195. 

Acid  sulphate,  429. 

Borate,  262. 

Carbide,  116,  205,  207. 

Carbonate,  192,  195,  319, 320,  321.  # 

Chloride,  67,  327,  328. 

Fluoride,  225,  227. 

Hydroxide,  325.     See  Limewater. 

Hypochlorite,  137. 

Iodide,  319. 

Light,  29. 

Magnesium  carbonate,  331. 

Manganite,  370. 

Nitrate,  155. 

Oxide,  324.    See  Lime. 

Sulphate,  326,  327. 

Sulphide,  288,  328,  329. 
Calculations,  chemical,  103. 
Calico  printing,  350. 
Calomel,  340. 
Caloric,  112. 
Candle  flame,  216,  217,  2i8. 

Power,  216. 
Candles,  stearin,  422. 

Illuminating  gas,  21 6. 
Cane  sugar,  423. 

See  Sugar. 


^>rt*-:*M*^,  ;;-,,  icv;^  10/;, 

Am/^P^^/w.  I^^I,  I%4,  I^ 
* /Htiyr^^t^^  i'Mf  4/>5«  406* 

AiutwniUitu,  152* 

Nntiutt\,  195. 
('Mflx'fi  t\\iin\iU',  191. 
An«l  ( oiritiiiMion,  193. 
rfttM|Mmiliori,  195. 
hptiMlliMi,  07,  08. 
I'^oiiimlinit,  I9i, 
ItUliiiv,  tof». 
In  nil,  KM. 
Ill  nlnMiNjilirrci  67, 
I  ii|tit(l,  hj.t. 
(>»'»  iiiiriuT,  njtt 
Otlioi  Ui\iiini,  iK\\* 
rir|H«)Mt\ou,  lOJ. 
lN\>p\MHos  lo^j. 
UrliUU^ii  t\^  \\U\  li>4, 

Ss')u^lUl\»  k'\  (^.v»  t^ 


£  ii ' ia>rg:>  ^^^. 

'l.arrg'lTr*.  2?a»  ^5^  551. 
^  Camdias,  255. 


Cast  ircn,  37^ 

Varieties,  37S. 
Cattner,  284,  285. 
Catalysis,  250. 
Catalytic  action,  250. 
Catalyzer,  250. 
Cathode,  120,  I2i. 
Cation,  120,  I2i. 
Caustic  lime,  324. 

Lunar,  312. 

Potash,  297. 

Soda,  290. 
Cavendish,  16,  27,  30,  55,  64, 69^  15? 

443. 
Celestite,  328. 

Cell,  electrolytic,  122. 

Galvanic,  119. 

Voltaic,  119. 
Celluloid,  429. 
Cellulose,  428. 

Nitrates,  428. 
Cementation  process^  38(X 

Cements  325. 

Centigrade  thermometer,  439^ 
Cerussile,  357,  361. 
Chalcedony,  255. 
Chalcvvite,  ^oi. 
Chalooi>>Ti:e«  »i^  57-3. 
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Champagne,  193. 
Changes,  i. 
Chaptal,  72. 
Charcoal,  187. 

Animal,  187* 

Pit,  188. 

Wood,  187. 
Charles,  444. 

Law,  19. 
Checkerberry,  432. 
Chemical  action,  3,  11 1,  250. 

And  electricity,  119. 

And  heat,  112. 

And  light,  51,  ill. 

And  solution,  47. 

And  temperature,  1 1 3. 

Qasses,  3. 
Chemical  attraction,  4. 
Chemical  calculations,  103, 
Chemical  change,  i,  2,  14,  47. 

And  ozone,  22. 
Chemical  compounds,  69. 
Chemical  energy,  iii. 
Chemical  equivalents,  170. 
Chemicking,  138. 
Chemism,  4. 
Chemistry,  defined,  I,  2. 

Organic,  405. 
Chemists*  table,  447. 
Chert,  256. 

Chili  saltpeter,  231,  292. 
Chinese  white,  336. 
Chloral,  412. 

Hydrate,  412. 
Chloride,  of  lime,  137, 

Test,  144. 
Chlorides,  139,  140,  143,  144. 
Chlorination  process,  315. 
Chlorine,  133.  — 

Acids,  91. 

And  hydrogen,  136. 

And  water,  57. 

Available,  137. 

Compounds,  296. 

Determination  of  atomic  weight,  171 , 


Chlorine,  continued^ 
Hydrate,  139. 
Liquid,  139. 
Name,  135. 
Nascent,  139. 
Occurrence,  133. 
Preparation,  133-154. 
Properties,  135. 
Uses,  139. 

Water,  51,  135- 
Chloroform,  412. 
Chlorophyll,  373. 
Chloroplatinic  acid,  394. 
Choke  damp,  203. 
Chroma,  365. 
Chromates,  366,  368. 
Chrome  alum,  350,  367,  368. 

Iron  ore,  365. 

Orange,  368. 

Red,  368. 

Steel,  366. 

Yellow,  367. 
Chromic  chloride,  368, 

Compounds,  368. 

Hydroxides,  368. 

Oxide,  368, 

Sulphate,  368. 
Chromite,  365. 
Chromites,  368. 
Chromium,  365. 

As  a  metal,  368. 

Compounds,  366,  368. 

In  minerals  and  rocks,  365. 

Name,  365. 

Ore,  365. 

Silicide,  258. 

Tests,  367,  368. 

Trioxide,  368. 

Uses,  365. 
Chromous  compounds,  368. 
Chronological  table  of  chemists,  447. 
Cinchona  tree,  433. 
Cinchonine,  433. 

Cinder,  3TS* 
\  Cinnabax»  ^3^^ 


ladac. 


Ml.  is$.  ta^  («»  »L 


TMt.39B>- 
Com  t'l'"'-  '!>■ 

flB'«,  jti. 

A*  Ih4,  roa 

CimI  ftti  fium.  titk. 

PfWii  prtnJi-om,  log. 


CWorx)  BtM,  s6b. 


CKEMBIIttl^^ 


Qtguuc  c 


Water,  ^  87,  jj^ 


UiaatinBled,  177.  iji 
CuncenliBlEiI,  defined^  41. 

Alum,  549- 
CcrttccntralioTi  of  on^  rf||, 
CondmSEi,  39,  40, 

Coal  g»s,  sia. 

Condndivit)',  metsh,  ty% 

QiDci,  BuDBCD  fliiiw.,  taa. 
Flame,  216-aTj. 

Hattn.  4.  IQ4. 

Consdlirtion,  beniM 
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Copper,  301. 

Acetate,  417. 

Alloys,  305,  316. 

And  sulphuric  acid,  243. 

Arsenite,  243. 

Carbonates,  301,  302,  303. 

Coins,  306. 

Compounds,  306. 

Electrolytic,  303. 

Fluoride,  227. 

From  Michigan,  301,  302. 

Glance,  301. 

History,  301. 

Iron  sulphides,  301,  302,  373. 

Metallurgy,  302. 

Name,  301, 

Native,  301,  302. 

Nitrate,  307. 

Ores,  301. 

Oxides,  301,  302,  303,  306,  307. 

Production,  302. 

Properties,  303. 

Purification,  303. 

Pyrites,  301. 

See  Cupric  and  Cuprous. 

Smelting,  302. 

Region,  map,  374. 

Replacement,  304. 

Replacing  power,  304, 

Silicide,  258. 

Sulphate,  307. 

Sulphide,  301,  307. 

Test,  304. 

Uses,  304, 
Copperas,  385. 
Coquina,  322. 
Coral,  323. 
Cordials,  411. 
Corrosive  sublimate,  340. 
Corundum,  343,  346,  347. 
Cottolene,  421. 
Courtois,  231,  444. 
Crayon,  323. 
Cream  of  tartar,  290,  418. 

Potassium  carbonate  {tom^  297. 


Crockery,  352. 

Crocoisite,  365. 

Crocoite,  365. 

Crocus,  384. 

Crucible  process  for  steel,  38a 

Cruikshank,  119. 

Cryolite,  225,  343,  344,  35a 

Crystal,  rock,  255. 

Crystals,  44,  440. 

Hexagonal,  441. 

Isometric,  441. 

Monoclinic,  442. 

Orthorhombic,  239,  441, 

Production,  440. 

Snow,  35. 

Systems,  440. 

Tetragonal,  441. 

Triclinic,  442. 
Crystallization,  44,  440. 

Water  of,  45,  46. 
Cubic  cleavage,  363. 
Cupel,  310. 
Cupellation,  310,  360. 
Cupric  compounds,  306* 

Oxide,  307. 

Sulphate,  307. 

Sulphide,  307. 
Cuprite,  301,  306. 
Cuprium  aes,  301. 
Cuprous  compounds,  306. 

Oxide,  306,  426. 

Sulphide,  307. 
Cuprum,  301. 
Current,  electric,  1 2 1. 
Cyanic  acid,  198. 
Cyanide,  mercury,  198, 

Potassium,  198. 

Process,  198,  3 1 5. 

Iron,  387. 
Cyanogen,  198. 
Cymogene,  208. 
Cyprian  brass,  301, 

Dalton,  77,  79,  ^AA- 

Davy,    S3»   91 »  ^^9»  '^^'iV  "^^^^  '^'^'^^ 
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221,    231,    284,    2S6,     319,     343, 

444- 

Coal,  210.                               ^H 

Deacon's  process  for  chlorine,  134. 

Destructive,  j38,  20Z,  20|.    ^^M 

Decay,  17,67.155,  191. 

Dry,  147.                                     ^H 

Petroleum,  208.                       ^H 

Doable,  3,  45. 

Water,  39.                                ^H 

Heat  of,  113. 

Wood,  188,409.                     ^H 

DeGdiCe  proportions,  law,  76. 

DistiUed  liquors,  411.                ^^H 

Deflagration,  159. 

Water,  40.                            ^H 

Dehydrated,  46. 

Dolomite,  331,  334.                       ^H 

Deliquescence,  46,  67, 

Double  decomposition,  3, 45.     ^^^| 

Destructive  distillation,  iSS,  203. 
171. 

Refraction,  320.                       ^^| 

Drinking  water,  39.                    ^H 

Developer,  313. 

Lead  in,  359.                            ^H 

Deville,  343. 

Drun.m.nd  light,  29.                 ^M 

Dewai,  29,  444. 

Ductile  metals,  279,                     ^^^H 

Bulb,  70. 

Dulong,  444.                            <^^l 

Dew  point,  66. 

And  Petit,  172.                     ^^H 

Deitrio,  427. 

Dumas,  182,  397,  444.               ^^1 

Dextrose,  425,  426. 

And  BuussingaulC,  6&          ^^H 

Diaeid  base,  94. 

And  Stas,  56,  57.                 ^^1 

Diamond,  181,  182,  igtx 

Dutch  lea^  305.                            ^^M 

Artificia!,  iSi. 

Metal,  305.                              ^m 

Cheap,  257. 

Process  fo[  white  lead,  S^^^l 

Drill,  1S2. 

Djads,  176.                                   ^^H 

Diatomaceous  earth,  256,  257. 

Dyeing,  350.                                 ^^H 

Diatoms,  256, 

Dynamite,  422.                            ^^M 

Dibasic  aciii,  92. 

Earthenware,  352.                        ^^H 

Dichlorcthane,  204. 

Effervescence,  42,  .93.               ^H 

IMchromalea,  36S. 

Effervescing  powder,  ago.          ^^^| 

Diffusion.  26.  68. 

Efflorescence,  46. 

DUuents,  215. 

Electric  battery,  120, 

Dilute,  41, 

Electric  furnace,  114-115,  1S4,  365- 

Industrial  use  of,  116. 

Disinfectant,  carbolic  acii!,  431. 

Electric  light  carbons,  209, 

Fonnaldehydc,  413. 

Electrical  eondnctrvlty,  1 24. 

Disodium  phosphate,  269. 

Electricity  and  chemical  action,  119. 

Electrochemical  ceU,  122.         

Upward,  148. 

Terms,  izo.                        ^^^M 

Dissociation,  by  beat,  151, 

Elect  roc  hemistry,  124.            ^^^| 

aeclrolylic,  Sg,  134. 

Electrodes,  iiS,  izo,  131,  iS^^H 

Dislillate,  40. 

t?.^e<Ut(ilYsis,  120.                     ^^^H 

Distillation,  39. 

^^^^^H 
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Dlution,  125. 

m  chloride,  319. 

llite,  332. 

r  sulphate,  127,  303. 

lolution,  315. 

•xides,  284. 

ations,  122. 

rial  application,  123, 

;,  281. 

ium  hydroxide,  294. 

n  chloride,  122,  291. 

n  hydroxide,  284. 

n  nitrate,  302. 

n  sulphate,  128. 

i  of,  124. 

»  52,  128. 

ic  cell,  1212. 

r,  303. 

iation,  89-96,  124I 

s  for  chlorine,  134. 

s  for  white  lead,  362. 

.tion  of  gold  and  silver,  315, 

igative  ions,  121,  122. 

e  ions,  121,  122. 

»257. 

al    manufacture    of    carbon 

alphide,  252. 

2,  120. 

ting,  123-125. 

ing,  123-125. 

5,  6,  7,  448,  449. 

roperties,  396. 

)roperties,  396. 

It,  176. 
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2S,  397. 

1  relations,  396. 
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inic  compounds,  405. 
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Elements,  continuecL 

Quadrivalent,  176. 

Quinquivalent,  176. 

Spectra,  402. 

Table,  448,  449. 

Trivalent,  176. 

Univalent,  176, 
Emerald,  347. 
Emery,  343,  346. 
Empirical  formula,  178,  407. 
Emulsin,  432. 
Endothermic,  112. 
Energy,  chemical,  4. 

Mechanical,  33. 
Enzymes,  410. 
Epsom  salts,  333. 
Equation,  83,  84,  104-108. 

Gas,  175. 

Illustrating  reactions,  106 

Ionic,  126,  137. 

Molecular,  175. 

Problems  based  on,  107* 

Thermal,  112. 

Volumetric,  175. 

Writing,  104. 
Equivalents,  lOO. 

And  valence,  178,, 

Chemical,  170. 

Double,  170. 

Multiples,  1 01. 

Table,  100, 
Erosion,  32. 
Esters,  419. 
Etching,  227. 
Ethane,  202,  203, 409. 

Graphic  formula,  407, 
Ether,  ethyl,  413. 

And  water,  43. 

Sulphuric,  414. 
Ethereal  salts,  419,  420. 
Ethers,  413. 
Ethyl,  406,  409. 

Acetate,  419. 

Alcohol,  406,  40S,  AP9* 

Butytale,  ^19. 


'4 

Index.                            ^H 

Eihyl.  coHHntui. 

Ferro-ferric  wdde.  385. 

Ether,  413. 

Ferromanganese,  369,  378L 

Oxide,  414- 

Sulpbuiic  add,  414. 

Carbonate,  387, 

Ethylene,  204. 

Chloride,  386. 

Oilocide,  204. 

Ferric  oxide;  384. 

In  illuminating  gas,  ai6. 

Ferricyanide,  388. 

Series,  OT2. 

Ferrocyaoide,  388. 

Eudiometer,  53,  54. 

Hydroxide,  385, 

EvaporBtloD,  440. 

S,Jphate,385. 

Exercises,  9,  20,  30,  48,  58,  73,  85,  98. 

Sulphide,  240,  385. 

108,   130,  145,   163,  178, 

.98, 

Firrum,  373. 

222,  233,  253,  263,  276, 

Z82, 

Fertiliser,  73,  Z71, 

299.   3'7.  329,  340.  352. 

363, 

Manufacture,  271, 

ITh  390.  394-  404,  433- 

Exhauster,  212. 

Sodium  nitrate  as,  293. 

Exothermic,  iiz. 

Film,  photographic,  313. 

Exposure,  photographic,  313. 

Filter,  charcoal,  188. 
Filtering  water,  39. 

Factors,  83. 

Fire,  15. 

Fahrenheit  thermometer,  439. 

Damp,  zoz. 

Families  of  elemenls,  397. 

Extingubhei,  194, 

Faraday,  izo,  121,  128,  139,  193, 
447- 

444. 

Fireworks,  14,  331. 
Fixed  air.  196. 

Fata,  420. 

Alkalies,  93. 

Fatty  Bcid  series,  414. 

Fehling'a  solution,  426. 

Feldspar,  293,  343.  35"- 

Acetylene,  307,  3i6. 

Fermcntarion,  192,  410. 

And  combustion,  217. 

Acetic,  416. 

Bunsea,  219. 

Alcoholic,  410. 

Hydrogen,  37,  IIS. 

In  hread  making,  421, 

Non-luminous,  219,  alt 

Sugar,  4>o. 

Oxidizing,  221,  323. 

Ferments,  410. 

And  glucosides,  432, 

Parts,  SI&-2I7. 

Ferric  compounds,  384. 

Rcdudn&  322. 

Chloride,  386. 

Smoky,  318. 

Ferrocyantde,  388. 

Flashing  point,  309. 

Hydroxides,  385. 

Flavors,  419. 

Oxide,  384. 

Flint,  255,  256. 

Snlphate,  385. 

Flour,  wheat,  437. 

Sulphide,  386. 

Flowerpots,  352. 

Ferricyanidea,  387,  388. 

Flowers  of  sulphur,  338. 

Ferrochrome,  366. 

Ferrocyanides,  387,  388. 

Fluorides,  227,  343. 

^^ 


Index. 
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Bluorine,  225. 

Apparatus,  226. 

Isolation,  225. 

Liquid,  226. 

Name,  225. 

Properties,  226. 
Fluor  spar,  225,  226. 
Flux,  281,  375. 
Food,  water  in,  31,  32, 
Fool's  gold,  386. 
Fornialdehyde,  412. 
Formalin,  413. 
Formation,  heat  of,  112. 
Formula,  82. 

Constitutional,  407. 

Empirical,  178,  407. 

Graphic,  178,  407,  413,  414. 

Molecular,  174. 

Rational,  407. 

Simplest,  104,  174,  175. 

Structural,  178,  407,  413,  414. 
Fossil,  from  coal  bed,  185. 
Frame,  for  soap,  423. 
Franklinite,  334. 

French  process  for  white  lead,  362. 
Fructose,  425. 
Fruit  sugar,  425. 
Fuming  acid,  nitric,  163. 

Sulphuric,  251. 
Furnace,  blast,  281,  375, 

Reverberatory,  281,  282. 
Fusible  alloys,  337,  360. 

Metals,  275. 
Fusion,  for  crystals,  440. 

Gahnite,  334. 
Galena,  357,  362. 
Crystals,  362. 
Gallic  acid,  432.  / 

Gallium,  401. 
Galvanic  cell,  119. 
Galvanized  iron,  336. 
Gangue,  280. 

Gaps  in  periodic  system,  401. 
Garnet,  347. 


Gas,  61. 

Carbon,  190,213. 

Coal,  210. 

Effect  of  heat  on  volume,  18,  19. 

Effect  of  pressure  on  volume,  18. 

Equation,  175. 

Flame,  structure,  218. 

Holder,  212, 

Illuminating,  210. 

Marsh,  202. 

Natural,  209. 

Producer,  25. 

Sylvestre,  196. 

Volume,  reduction,  53,  54. 

Water,  25,  196,  213. 

Water,  plant,  214. 
Gases,  absorption  by  charcoal,  188. 

By  platinum,  394. 

Combination  by  volume,  166. 

Inert,  69. 

In  mines,  221. 

Properties,  166. 

Solution  of,  41. 
Gasolene,  208. 
Gay-Lussac,  55»  231. 

Law,  166. 

Tower,  249. 
Gelatine  plate  and  film,  313* 
Gems,  aluminium,  347. 

Artificial,  347. 

Glass,  260. 

Quartz,  257. 
Generator,  acetylene,  207. 

Water  gas,  213, 
German  process  for  white  lead,  362. 

Silver,  306,  389. 
Geyserite,-258. 
Gin,  411. 
Glacial  acid,  acetic,  415. 

Phosphoric,  268. 
Glass,  258. 

And  hydrofluoric  acid,  227. 

Annealing,  260. 

Blasting,  257. 

Blowing,  259,  26a 


H                                                             ^^^^H 

Gold,  continuti.      ^^^B 

^H                      Bohemian,  260. 

Fool's,  386.                      ^ 

■                      Coluted,  260. 

History,  313.                     ■ 

^H                     Conslituents,  259. 

Le&f,  316.                           H 

^B                     CrowD,  260. 

Making,  314.                   ■ 

^m             Cut,  260. 

Map  of  distribution,  jagH 

^H                    Flint,  260. 

Name,  3.4.                      M 

^1                     Kinds,  258,  259. 

Nugget.  314.                    ■ 

^H                    Mannfacture,  359. 

Parting,  315.                        ■ 

^H                    Plate,  259. 

Pen  tips,  394-                    ■ 

Plating,  317-                      ■ 

^K                     Production,  2(io. 

Production,  314.                  \ 

^H^                     IVpical  mixture,  259, 

Properties,  316. 

H                     Window,  259. 

Purification.  315. 

■                Glauber,  140,  445- 

Red,  316- 

■                      Salt,  392- 

Reduction  of  compounds,  31 

L 

H                dating  pottery,  352. 

Separation  from  silver,  IIM 

1 

^M                Globigerina  ooie,  322,  313. 

Test,  317.                              1 

1 

■                 Glover  tower,  248. 

Uses,  316.                             ■ 

I 

^m                   Glucose,  425,  426. 

White,  3.6.                          ■ 

1 

^M                   Glucosidea,  432. 

Graham,  26,  445.                     fl 

I 

^K                Glycerides,  420. 

Gram,  437-                                ■ 

I 

■                 Glycerine,  420. 

Granite,  255.                         ■ 

I 

^B                       Preparation,  422. 

Grape  sugar,  425,  426.            fl 

■ 

^M                      Properties,  421. 

Graphic     ToriDula,     1 78,      407, 

41; 

^M                      Relation  to  soap,  430. 

414. 

■                      Uses,  421  ■ 

Graphite,  1S3,  190. 

^m                Glycerol,  422. 

ArtificiaJ,  1 18. 

■                 Glyceryl,  420. 

■                      Oleate,  420. 

Composition,  air,  66. 

^1                         Falmitate,  420, 

^1                          Stearate,  420. 

Gray  cast  iron,  378. 

■                   Gneiss,  255. 

Green  fire,  339. 

B                   Gogebic  iron  range,  374. 

Pigments,  368. 

B                  Gold,  314. 

Vitriol,  246,  385, 

H                     Alloys,  314,316. 

Grindstones,  256. 

Groups  of  elemeotii  397-. 

H                     Chloride,  315,3.6,  317. 

Guano,  271,331. 

H                     Coin,  316. 

Guignefs  gteen,  368. 

Gun  cotton,  42S. 

H                      Cyanide,  315,  3'7- 

Metal,  305. 

H                     Distribution,  309,  314. 

^H                     Dust,  314. 

Smokeless,  418. 

^B                     Dutch,  305. 

Gypsum,  326. 

■                     Finely  divided,  317- 

Reduction  of,  331^ 

Index. 
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Haemoglobin,  373. 
Halides,  96,  225. 
Hall,  343. 

Process  for  aluminium,  343,  344. 
Halogens,  225. 
Haloid  salts,  225. 
Hardness,  of  metals,  279. 

Of  water,  37,  327. 

Permanent,  327, 

Temporary,  327. 
Hard  water,  37. 

Coal,  185,  1 86. 
Harveyized  steel,  380. 
Hausmannite,  369. 
Heat,    and     chemical    action,     112, 

And  oxidation,  14. 

From  burning  hydrogen,  112. 

In  electric  furnace,  114. 

Of  decomposition,  1 1 3, 

Of  formation,  1 1 2. 

Of  neutralization,  127. 
Heavenly  bodies,  constitution,  404, 
Helium,  69,  372,  404. 
Hematite,  373. 
Henry's  law,  42, 

Heroult  process  for  aluminium,  344, 
Hexagonal  crystals,  441. 
Hofmann,  445. 

Apparatus,  52. 
Honey,  425. 
Horn  silver,  133,  308, 
Humboldt,  55. 
Hydrargyrum^  338, 
Hydrate,  93. 

Chlorine,  139, 
Hydrated,  46. 
Hydraulic  lime,  325, 

Main,  210. 

Mining,  314. 
Hydriodic  acid,  232, 
Hydrobromic  acid,  230. 
Hydrocarbons,  202,  408. 
Hydrochloric  acid,  140-143. 

Commercial,  141. 


Hydrochloric  acid,  continued. 

Composition,  143. 

Liquefied,  142. 

Test,  144. 
Hydrocyanic  acid,  198. 
Hydrofluoric  acid,  227,  257, 

Vapor  density,  228. 
Hydrogen,  23. 

And  chlorine,  136. 

And  periodic  classification,  401. 

And  steam,  24. 

And  water,  50, 

Arsenide,  273. 

Chemical*  conduct,  27* 

Diffusion,  26. 

Dioxide,  59. 

Discovery,  30. 

Explosions,  28. 

Flame,  27. 

In  acids,  24,  87,  9a 

Ions,  121. 

Liquid,  29. 

Name,  25,  30. 

Peroxide,  59. 

Physical  properties,  25, 

Preparation,  24. 

Solid,  29. 

Valence,  176. 

Weight  of  liter,  25. 
Hydrogen  sulphide,  240,  241,  242. 

Composition,  241. 

Test,  242, 

Water,  241. 
Hydrolysis,  289,  349. 
Hydroxides,  89,  ^3. 

And  alcohols,  409. 

Common  names,  93. 

Organic,  409. 
Hydroxyl,  89,  94. 
Hygroscopic.    See  Deliquescence. 
Hypo,  91,  252. 
Hypophosphites,  269. 
Hyposulphite  in  photography,  313. 
Hypothesis,  76. 

Avogadro's,  167. 


Index.                           ^H 

I«.  32.  34.  35- 

loniiatioB,  125.                          ^^H 

Making  plant,  153. 

And  acids,  bases,  and  salt*,  laS 

Manufactured,  153, 

Stone,  J50. 

Table,  :29. 

Iceland  spar,  320, 

loos,  89-96.  124-129.  289,30^ 

Teat  for,  126.                   ^H 

Iridium,  226,  392, 393.  394.^^H 

Carbun  Qiunuxide  in,  197, 

Iridosmine,  394.                       ^M 

Charatt eristics,  215. 

^M 

Acetate,  417-                    ^H 

Illu  mi  Dating  power,  216. 

Alum,  3K6.                        ^H 

And  coke.  190,                ^^^| 

Laminosity,  2:6. 

And  nitric  acid,  384.       ^H 

Indicator,  98. 

By  hydrogen.  383.           ^H 

Inert  gases  in  ntmoBphere,  69. 

Carbide,  209,  2S5.           ^^H 

Infusorial  earlli,  256,  257. 

Carbonate  ores,  374.       ^^1 

Ingots,  3St. 

Cast,  377.  378-                  ^^ 

Ink.  38s.  418. 

Chemistry  of  smelting,  377. 

Indelible,  311. 

Chloride!,  3S6. 

Printer^  190. 

Compounds,  3S4.    Set  fcnic  U 

Writing.  433- 

Ferrous.                       ^_ 

Cyanides,  387.                  ^H 

Insoluble  substances,  41, 

Diaulphide,  386.               ^H 

Sulphate,  lest,  251. 

Galvanized,  386.              ^H 

Intervals    in    periodic    classification. 

History,  373.                   ^^1 

398. 

Impuritiei,  377.              ^^M 

Iodides,  231. 

Liquor,  417.                     ^^M 

Iodine,  230. 

Magnetic  oxide,  385.      ^^M 

Commercial  preparation,  331. 

Malleable,  379-               ^H 

Compounds,  232. 

Map  of  deposits,  374.     ^^1 

Detection,  232. 

Metallurgy,  379,             ^^H 

Ore.  373.  374-                  ^H 

Diacovety,  231. 

Ore,  chrome,  365.          ^^M 

In  seaweed,  230, 

Name,  232. 

Ore,  deposits,  374.         ^^M 

Ore,  redaction,  I97,  ZU^^^M 

Production,  233. 

Oxides.  384.                  ^H 

Passive,  3S4.                   ^^H 

Purification,  23 1. 

377-                          ^M 

Source,  293. 

Properties,  383.               ^^1 

Teal,  232. 

Pyrites.  373.  385. 3S&    ^M 

Uses.  233. 

Rust,  383.                       ^^M 

Vapor  density,  232. 

Rusting,  14.                      ^^H 

rodoform,  233,  412. 

suicide,  258.                      ^^M 

Ionic  equation,  126,  137. 

Smelting,  375.                ^^M 

^^^^a 

Index. 
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[ron,  conHnuecL 

Spiegel,  369. 

Sulphides,  386. 

Symbol,  373. 

Test,  Z^, 

Varieties,  377. 
Isomerism,  204. 
Isomers,  204. 
Isometric  crystals,  441, 
Ivory  black,  189. 

Jasper,  256. 
Javelle's  water,  139. 

Kainite,  294,  298,  331. 

As  fertilizer,  298. 
Kali^  204. 
JCaliuntf  294. 
Kaolin,  351,  352. 
JCassUeroSi  354. 
Kelp,  231. 
Kerosene,  209. 
Kieserite,  331,  333. 
Kilogram,  437. 

Kindling  temperature,  113,218,  221. 
Kirchhoif,  403, 445. 
Krypton,  69,  404, 

Labarraque^s  solution,  139. 
Lactic  acid,  290,  418. 
Lactose,  425. 
Lake,  350. 
Lampblack,  190. 
Laudanum,  433. 

Lavoisier,  5,  15, 16,  18,  25,  27,  30,  50, 
55»  63,  64,  88,  97,   157,   182, 

196,  396, 445« 
Law,  75. 
Boyle,  19, 
Charles,  19. 

Conservation  of  energy,  ill. 
Definite  proportions,  75,  76,  79. 
Electric  attraction,  121. 
Gay-Lussac»  166. 
Henry,  42. 


Law,  continued^ 

Matter,  5. 

Multiple  proportions,  77,  7& 

Periodic,  398. 

Specific  heat,  172, 
Lead,  357. 

Acetate,  363,  417. 

Alloys,  360, 

Argentiferous,  308. 

Black,  183,  359, 

Carbonate,  357,  361, 

Carbonate,  basic,  361. 

Chambers,  249. 

Chloride,  363. 

Chromate,  367. 

Chromate,  native,  365. 

Compounds,  363. 

Compounds,  poisonous,  35^ 

Cupellation  process,  310. 

Dioxide,  361. 

History,  357. 

Hydroxide,  362. 

In  drinking  water,  359, 

Interaction  with  metals,  359. 

Metallurgy,  358. 

Monoxide,  360. 

Nitrate,  363. 

Nitrate,     behavior     with     heat; 
163. 

Ore,  357. 

Oxides,  360. 

Parkes  process  for,  309. 

Pencils,  184. 

Peroxide,  361. 

Phosphate,  357. 

Pipe,  360, 

Production,  357, 

Properties,  358. 

Silver  bearing,  308. 

Spongy,  360. 

Sugar  of,  363,  417. 

Sulphate,  357,  363. 

Sulphide,  242,  357,  362,  363. 

Test,  363. 

Tetroxide,  36a 


Index.                          ^H 

Umonlte,  373. 

Uses,  359. 

Links,  407. 

White,  361. 

Uquid  air,  12,  69. 

Leather,  433. 

Acetylene,  205. 

Leblanc  process  fur  aodiura  carbonate. 

AmmotiiB,  148-149,  15^ 

288. 

Carbon  dioxide,  193. 

LemoD  juice,  90. 

Chlorine,  139. 

Uruloae,  425. 

Huorine,  226, 

Uebig,  230,  445. 

Hydrogen,  29. 

Ufe  and  carbon  dioxide,  194. 

Oxygen,  18.  _ 

Oxygen,  16. 

Sulptiuc  dioxide,  244, 

Nitrogen,  72. 

liquids,  solubility,  43. 

Phosphorus,  270. 

Liquor,  alcoboUc it'll. 

potassium,  agS. 

Di5tiUed,41I. 

Light    and     chemical     action,     51, 

Iron,  417. 

lit. 

Red,  350. 

saver  aaitB,  31a,  3I3. 

Ugnite,  185. 

Litharge,  360. 

Lime,  324, 

Lithia  water,  298. 

Air  alalted,  324. 

Lithium,  298. 

And  water,  113.324. 

Citrate,  298. 

Caustic,  324. 

Discovery,  194. 

Chloride  of,  137. 

Test,  29S. 

Hydraulic  325. 

Utmus,  action  on,  add,ga 

Light,  29,  324- 

Alkali,  92. 

Making,  192,  324,  325. 

Ease.  92. 

Mnk  of,  326. 

Neutral  substance,  94. 

Quick,  324. 

Salt,  94,  96,  289.  349. 

Loadnone,  385. 

Uses,  324. 

Lubricating  oil,  209. 

Set  Calcium  oride. 

Luminosity,  illuminatulB  1 

Umekiln,  193,  3*5 ■ 

Of  flame,  218. 

Limestone,  320. 

Luminous  paint,  329^ 

As  flux,  377. 

Lunar  caustic.  3:2. 

Burning,  325. 

Luray  cavern,  311,  323. 

Caves,  321,  323. 

Luatcr,  279. 

Fosdl.  322. 

Solubility,  321. 

Madder,  432. 

Uses,  323. 

Magnalium,  346. 

I.imewater,  325. 

Magnesia,  333,  334,  37a 

And  carbon  dioxide,  192,325. 

^"i^,  334.  370- 

Detection,  68. 

Black,  370. 

Preparation.  326. 

Fluid,  334. 

Sii  Calcium  hydcoxido. 

Mixture,  333. 

Uming,  138. 

AV".  3701 

^ 

HB^^^^^^^^^H 
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Vfagnesia,  conHnmitL 

Stone,  370c 

Uses,  333. 
Vlagnesite,  334. 
Magnesium,  331. 

Alloy,  346. 

Bromide,  228. 

Calcium  carbonate,  331. 

Carbonate,  331,  334. 

Chloride,  333. 

Citrate,  334* 

Compounds  in  soil,  331. 

Compounds  and  water,  327. 

Hydroxide,  333. 

Nitride,  153,332. 

Oxide,  333.    See  Magnesia. 

Phosphates,  331, 

Preparation,  332. 

Properties,  332. 

Ribbon,  332. 

Sulphate,  333. 

Uses,  332. 
Magnetic  oxide  of  iron^  385. 
Magnetite,  373,  385, 
Majolica,  352.' 
Malachite,  301,  308. 
Malic  acid,  418. 
Malleable  iron,  379. 

Metals,  279. 
Manunoth  cave,  32a. 
Manganates,  371. 
Manganese,  369. 

Alloys,  369. 

As  non-metal,  371* 

Black  oxide,  37OW 

Compounds,  371, 

Dioxide,  369. 

Isolation,  370. 

History,  370. 

Name,  370. 

Ores,  369. 

Preparation,  369, 

Production,  369. 

Properties,  369. 

Test,  372. 


Manganese,  conHnnaL 

Uses,  369. 
Manganesium,  370. 
Manganite,  369. 
Manganous  compounds,  371. 

Chloride,  370,  371. 

Hydroxide,  370. 

Sulphate,  371. 

Sulphide,  371. 
Mantle,  Welsbach,  222. 
Map,  copper  deposits,  374. 

Gold,  309. 

Iron,  374. 

Silver,  309. 
Marble,  320. 
Marchand  tube,  56, 
Marengo  cave,  322. 
Marquette  iron  range,  374. 
Marsh  gas,  202. 
Marsh's  test  for  arsenic,  273. 
Massicot,  360, 
Matches,  270. 
Matte,  copper,  302. 
Matter,  conservation,  4. 

Properties,  i,  2. 
Meadowsweet,  430. 
Meerschaum,  331, 
Mendeleeff,  398,  445. 
Menominee  iron  range,  374. 
Mercuric  chloride,  340^  357, 

Cyanide,  198. 

Nitrate,  340. 

Oxide,  18,  339. 

Sulphide,  338,  340. 
Mercurous  chloride,  339,  357, 

Nitrate,  340, 
Mercury, '337. 

Alloys,  339, 

Compounds,  339, 

Deposits,  338. 

Fulminating^  339. 

Name,  338. 

Native,  337. 

Ore,  338, 

Preparation,  33s, 
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Metcuiy.  lenHntud. 

Melais,  cOHtiHtied.                   _^| 

Production,  338. 

Freliminaiy  treatment,  3f^^| 

Properties,  338. 

Preparation,  2S0,               ^^^| 

Purification,  338, 

Metamerism,  204.                    ^^| 

Specific  heat,  172. 

TransportHtion,  338, 

Metaphosphoric  acid,  268.      ^H 

Uses,  339. 

Mctastamiic  acid,  355,            ^^| 

Vapor  density,  169,339. 

Metathesis,  3.                              ^H 

Mesabi  iron  range,  374. 

Meter,  deaned,  437,                ^H 

Metal,  and  non-metal.  278. 

Gas,                                     ^H 

Babbit's,  33&. 

Methane,  202,  409.                  ^H 

Bath,  305. 

Graphic  formula,  407,        ^^^ 

Bell,  306. 

In  natural  gas,  209.            ^^^| 

Britannia,  306,  356. 

Series,                                 ^H 

Dutch,  305. 

Methyl,  406,  409.                     ^H 

Gun,  305. 

Alcohol,  409.                     ^^1 

Hypothetical,  150. 

Beniene,  43a                    ^^H 

Muntz,  305.  , 

Salicylate,  433.                  ^^1 

Newton's.  275. 

Methylated  spirit,  41OL          ^^H 

Rose's,  275. 

Metric  alibr<:viation5;  438.      ^^1 

Speculum,  306, 

Apparatus,  394.                 ^H 

Type,  360. 

Equivalents,  438.               ^H 

White,  306. 

System,  437.                          ^H 

Wood's,  875.  337. 

^H 

Metallic  ions.  121. 

TransformatioDS,  4^        ^H 

Luster,  279. 

Mexican  onyx,  322,                  ^^^H 

Metalloids,  17S. 

Meyer,  Lothat,  398,  445.       ^^1 

Metallurgy,  280. 

Mica,  293,  343.                          ^^H 

Copper,  30a. 

Microcosmic  salt,  269.             ^H 

Lead.  3S8. 

Mllkof  lime,  326.                  ^H 

Iron,  375. 

Sulphur,  240.                     ^H 

Silver,  309,  310. 

Milner's  process  for  white  Iv^^H 

Metals,  action  with  nitric  »cid,  158. 

Mineral,  deiined,  2S0.            ^^1 

Alkali,  284. 

Compounds,  405.              ^^H 

Alkaline  earth,  319. 

Springs,  37,  42.                   ^^1 

■S                Antifriction,  336. 

Water,  37.                           ^H 

Chemical  properties,  279. 

Minerals.  25S.                        ^H 

Oassification,  396. 

Minium,  360.                         ^^H 

Familiar,  7. 

Mispickel,  272.                      ^^^| 

Found  free,  280. 

Mixture,  9,  77.                       ^^H 

Air,  69.                             ^H 

Known  to  ancients,  280. 

Modification,  allotrot^c,  IST.^^I 

Occurrence,  279. 

Moissan,  114,  116.  l82>  ia4,^^H 

Physical  properties,  278. 

3><».  365>445-              ^^1 

Platinum,  394- 

Moissan's  electric  furnace,  ll^^l 

^^^^^^■■■^^1 

Index. 
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liar  equation,  1 75. 

mula,  174. 

liar  weights,  103,  128,  i68r 

i  vapor  density,  168. 

termination,  169. 

let,  169. 

drogen,  169. 

am,  169. 

lies,  80-81,  167-168. 

d  atoms,  80. 

d  equations,  175. 

jenum,  369. 

id  base,  94. 

s,  176. 

lasic  acids,  92. 

alcium  phosphate,  271. 

linic  crystals,  442. 

phur,  239. 

thosphates,  269. 

nts,  350,  357,  367. 

•'s  synthesis,  57. 

,326. 

)alls,  432. 

r  liquor,  230,  23 1. 

ge,  427. 

le  proportions,  law,  77-78. 

)le,  78. 

metal,  305. 

,  140. 

e  of  ammonia,  151. 

ic  acid,  92,  140. 

irado  sugar,  424. 

I  fat,  420. 

• 

la,  2o8. 
lalene,  432, 
it  state,  138. 
7«,  284. 
r,  284. 
1  gas,  209, 
1  groups,  400. 
ters,  38. 
of  solution,  48. 
■re  electrode,  121. 
►tographic,  313. 


Neon,  69,  404. 
Neutral,  94. 

Reaction,  94. 
Neutralization,  88,  89,  97. 

And  ionic  theory,  127. 

Heat  of,  127. 
Newton's  metal,  275. 
Niagara  Falls,  industries  at,  116,  117 

118,  155,291,344. 
Nicholson  and  Carlisle,  53,  119. 
Nickel,  388. 

Alloys,  306. 

Carbonyl,  198. 

Coin,  306,  389. 

Hydroxide,  389. 

Ores,  388. 

Plating,  389. 

Properties,  389. 

Steel,  383,  389. 

Test,  389. 

Uses,  389. 
Nickeloid,  389. 
Nicotine,  433.  . 
Niter,  72. 

Meal,  295. 

Source,  295. 
Nitrates,  158. 

Behavior  with  heat,  159, 

Deposits,  155. 

Test,  159. 
Nitric  acid,  154,  155,  156. 

Action  with  metals,  158. 

And  copper,  159,  162. 

And  electric  sparks,  155. 

Composition,  157, 

Formation,  155. 

Fuming,  163, 

Preparation,  155, 

Test,  159. 

Uses,  157. 
Nitric  oxide,  159, 162. 

Composition,  162, 
Nitrides,  72. 

Magnesium,  153. 
Nitrification,  155. 


Index.                      ^^^^^^1 

NitritcB,  IS9. 

Oils,  410.                        ^^^^^H 

Nitrogen,  72. 

OlefiaDt  gas,  304.                          ^^H 

Diacovety,  63. 

Die  in,  420.                                  ^^^1 

EfTect  on  flame,  230. 

In  Blmoaphcce,  63. 

OUve  oil,  420.  421.                     ^^H 

Name,  72. 

Onyx,  255.                                  ^^H 

Oxides,  78,  .60. 

Opal,  256.                                   ^H 

Penloride,  163, 

Opaque,  279.                                ^^1 

Peroxide,  159,  i6a,  163. 

Open  hearth  process  for  steel,  3831 

Preparation,  72. 

Opium,  433. 

Properties,  63,  ^2. 

Orange  mineral,  361. 

Proportion  in  air,  6,4. 

Ore,  deHned,  280. 

Relation  to  life,  7a. 

Calcination,  zSl.                        ^H 

Tetroade,  163. 

Classes,  2S0.                                ^H 

Ttioxide.  163. 

Dressing,  23l.                            ^^H 

Valence,  177,  178. 

Organic  acida,  92,  414.                 ^^H 

Nitrous  add,  159. 

Chemistry,  405,                        ^^^| 

Nitrous  oxide,  160,  161. 

Composition,  161. 

Orpiment,  272,  273.                    ^^H 

Discover?,  161. 

Nitrobenzene,  430. 

Orthorhombic  crystals,  441.       ^^H 

Sulphur,  239.                          ^H 

Nittoayl-sulphutic  acid,  24S. 

Osmium,  392,  394.                        ^H 

Nomendatuce,  adds,  91. 

Ostwald,  445.                                 ^H 

Bases,  93. 

Oxalic  acid,  417. 

Oxidation,  14,  192,  357. 

Salts,  95. 

And  decay,  17. 

Non-metallic  iona,  121. 

Of  food,  16. 

Non-metala,  88. 

Oxide,  carbonic  197. 

aaasili  cation,  396. 

Oxides,  15. 

Genera!  properties,  278. 

Addic,  97. 

Basic,  97. 

Normal  bismuth  nitrate,  376. 

Of  nitrogen,  160,  246-24S. 

Normal  salts,  96, 

Relation  to  adds  and  bases,  9& 

Nugget,  gold,  314. 

Oxidized  silver,  31 1.                     ^^J 

Oiididng  agent,  14, 60.             ^^1 

Occlusion,  26. 

In  matches,  27c^                   ^^H 

Ocean  water,  38. 

Oxidizing  flame,  221,  223.         ^^H 

^                    Salts  in,  38. 

Oxychloride,  antimony.  875.     ^^| 

^            Oil,  and  water,  43. 

Bismuth,  276.                       ^^H 

^M                  Lamp  ilame,  21S, 

Oxygen,  II.                                    ^^H 

■                  Lubricating,  209. 

Atisnrption  hf  sHTer,  311.  ^^H 

^B                  Of  bitter  almonds,  43I,  43Z. 

And  blow],  t6,  17.               ^^^1 

■                Of  vitriol.  92,  246. 
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Oxygen,  continued. 

And  flames,  218. 

And  ozone,  22. 

And  water,  51. 

Breathing  pure,  17. 

Brings  process,  I  a. 

Discovery,  18. 

In  acids,  87,  88,  91,  97. 

In  atmosphere,  63. 

Liquid,  18. 

Name,  18,  88. 

Nascent,  t.^!^* 

Preparation,  1 1,  293. 

Properties,  12. 

Relation  to  life,  i6. 

Solid,  18. 

Uses,  17. 

Weight  of  Uter,  18. 
Oxyhydrogen  blowpipe,  17,  28,  29, 
Oxymuriate,  tin,  357. 
Ozone,  21,  113. 

In  atmosphere,  62. 

Uses,  21. 

Paint,  black,  190. 

Blue,  417. 

Lead,  357. 

Luminous,  329. 

Red,  273,  340,  361,  384. 

White,  336,  362. 

Yellow,  273,  367. 
Pakfong,  306. 
Paktong,  306. 
Palladium,  392,  394. 

Absorption  by,  26,  394. 
Palmitic  acid,  417. 
Palmitin,  420. 
Palm  oil,  417. 
Paper,  making,  429, 

Parchment,  428. 
Paracelsus,  30, 
Paraffin,  series,  203. 

Wax,  209. 
Paregoric,  433. 
Paris  green,  273,  417, 


Parkes  process  for  silver,  309. 
Parting,  gold  and  silver,  3I5« 
Passive  iron,  384. 
Paste,  gems,  262. 

Glass,  260. 

Starch,  427. 
Pastry,  raising,  29a 
Pearlash,  297, 
Peat,  185. 
Pentads,  176. 

Percentage  composition,  103. 
Periodic  classification,  398. 

Gaps,  401. 
Periodic  law,  398. 
Periodic  process  for  bromine,  229. 
Periodic  table  of  elements,  399. 
Periods  in  periodic  classification,  39& 
Permanent  hardness,  327. 
Peroxide,  hydrogen,  59. 

Sodium,  293. 
Petit,  172,445. 
Petrified  wood,  256,  257,  258. 
Petroleum,  207-209, 

Origin,  209. 

Production,  209, 

Refining,  208. 
Pewter,  356,  360. 
Phenol,  431. 

Derivatives,  431. 
Phenyl,  406, 

Methane,  406. 
Philosopher's  stone,  314. 
Phlogiston,  15,  18. 
Phosgene,  198. 
Phosphates,  265,  269. 

Acid,  269, 

Dicalcium,  271. 

Disodium,  269. 

Monocalcium,  271. 

Primary,  269, 

Rock,  271. 

Secondary,  269, 

Slag,  271. 

Tricalcium,  271* 
Phosphine,  269. 
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Phosphonium  compounds,  269. 
Phosphor  bronze,  305. 
Phosphoric  acids,  268. 

Oxide,  268. 
Phosphorite,  265. 
Phosphorous  oxide,  268* 
Phosphorus,  265. 

Acids,  268. 

Action  on  air,  65,  72. 

And  ozone,  2i. 

And  plants,  270. 

Black,  267. 

Discovery,  265, 

Electrolytic  manufacture,  266. 

In  plants  and  animals,  265. 

Manufacture,  265,  266. 

Minor  compounds,  269, 

Name,  267. 

Ordinary,  266, 

Oxides,  268. 

Pentachloride,  270, 

Pentoxide,  65,  268. 

Properties,  266. 

Purification,  266, 

Red,  267, 

Relation  to  life,  270, 

Salts,  268. 

Trichloride,  270. 

Uses,  267. 

Vapor  density,  169,  267. 

Yellow,  266. 
Photography,  1 1 1,  312. 
Photometer,  216. 
Phylloxera^  240. 
Physical  changes,  I,  2» 
Pickles,  90,  416. 
Picrates,  431, 
Picric  acid,  431, 
Picromerite,  294. 
Pig  iron,  377. 
Pinchbeck,  305. 
Placer  mining,  314, 
Plants  and  atmosphere,  194. 

And  nitrogen,  72,  73. 

And  phosphorus,  270. 


Plants  and  atmosphere,  continueiL 

And  potassium,  298. 

And  silica,  257. 
Plaster,  326. 

Of  Paris,  327. 
Plata^  392. 
Plate,  developing,  313, 

Photographic,  312. 
Platina,  392. 
Platinic  chloride,  394. 
Platinum,  392. 

Absorption  of  gases,  394* 

Alloys,  394. 

And  aqua  regia^  392. 

And  iridium,  226,  392. 

And  sulphur  dioxide,  245. 

And  sulphuric  acid,  249. 

Arsenide,  392, 

Black,  394. 

Compounds,  394, 

Discovery,  392. 

Dish,  393. 

Foil,  393. 

In  electric  light  bulbs,  393, 

Metals,  394,  401. 

Name,  392. 

Native,  392. 

Ore,  392. 

Preparation,  392. 

Print,  394. 

Production,  392. 

Properties,  393. 

Sheet,  393. 

Source,  392. 

Spongy,  392,  393, 

Uses,  393. 
Plumbago,  183. 
Plumbum^  357. 

Nigrum^  357. 
Polyhalite,  294. 
Polymerism,  206. 
Polymers,  206. 
Porcelain,  352, 
Portland  cement,  325. 
Positive  electrode,  I2I« 
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Potash,  297. 

Name,  294. 

Red  prussiate,  387, 

Yellow  prussiate,  387. 
Potassium,  293. 

Alum,  349. 

Antimonyl  tartrate,  274. 

Bichromate,  366. 

Bromide,  230, 

Carbonate,  297. 
^Chlorate,  11,  12,  296,  297. 
,        Qiloride,  295.' 

Chloroplatinate,  394. 

Chromate,  366, 

Chromium  sulphate,  368. 

Cyanide,  198,  298,  315. 

Dichromate,  366, 

Discovery,  284. 

Ferricyanide,  387. 

Ferrocyanide,  198,  387. 

Hydroxide,  297,  298. 

Hypochlorite,  139. 

Iodide,  232,  233. 

Manganate,  371. 

Name,  294. 

Nitrate,  155,  295. 

Nitrite,  295. 

Permanganate,  370. 

Preparation,  294. 

Preservation,  294. 

Properties,  294. 

Relation  to  life,  298. 

Salts  and  starch,  298. 

Salts  at  Stassfurt,  293. 

Silicate,  258. 

Sulphate,  298. 

Sulphocyanate,  1 98. 

Tartrate,  418. 

Test,  294. 
Pottery,  352. 
Powder,  gun,  296, 

Smokeless,  428. 
Precipitate,  45. 
Precipitation,  44. 
Prefix,  centi-^  437, 


Prefix,  conHnueA 

Deca-,  437. 

Deci-,  437. 

Hecto-,  437, 

Hydro-,  91,  95, 

Hypo-,  91. 

Kilo-,  437. 

Milli-,  437. 

Per-,  91,  95. 
Press  cake,  296. 
Pressure,  normal,  18,  19. 
Priestley,  ii,  16,  18,  55,  64,  140,  158, 

161,  445. 
Primary  phosphates,  269. 
Print,  photographic,  313. 
Problems,  21,  30,  49,  59,  86,  108,  132, 
146,  165,  180,  201,  224,  234, 
254,  264,  277,  283,  300,  318, 
330,  342,  353»  364,  372,  391. 
395»  436,  439t  440. 

Based  on  equations,  107. 
Producer  gas,  25, 
Products,  83, 

Addition,  204. 

Substitution,  203. 
Proof  spirit,  410. 
Propane,  203,  409, 
Properties  of  matter,  I,  £• 
Propyl,  409. 
Propylene,  202,  204. 
Proust,  77,  445. 
Prout,  398,  446. 
Prussian  blue,  388. 
Prussiate  of  potash,  red,  387* 

Yellow,  198,  387. 
Prussic  acid,  198. 
Puddlmg,  379. 
Pulp,  paper,  429. 
Purification,  water,  39. 
Purifiers,  gas,  212. 
Purple  of  Cassius,  317, 
Putty,  323. 
Pyrite,  386. 
I^rogallic  acid,  431. 
Pyroligneous  acid,  415. 
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Pyrolusite,  369. 
Pyromorphite,  357, 
Pyrophosphates,  269. 
Pyrophosphotic  acid»  269. 
Pyrosulphuric  anid,  252. 
Pyrrhotite,  373 

Quadrivalent  elements,  176. 
Qualitative  analysis,  50,  242, 
Quantitative  analysis,  50. 
Quantitative  significance  of  equations, 

104. 
Quantivalence,  176, 
Quartation,  315. 
Quartz,  255,  256. 
Quartzite,  256. 
Quicklime,  324. 
Quicksilver,  338. 
Quinine,  433. 
Quinquivalent  elements,  176. 

Radical,  89,  150,  198. 

Organic,  406. 

Valence,  177. 
Radium  and  radio-activity,  372. 
Ramsay,  68,  69,  446. 
Rational  formula,  407. 
Rayleigh  and  Ramsay,  68. 
Reaction,  3. 

Acid,  90. 

Alkaline,  92. 

Chemical,  83. 

Illustrating  equation,  106. 

Neutral,  94. 
Realgar,  272,  273. 
Red  fire,  329. 

Hematite,  374. 

Paint;  340,  361,  384. 

Lead,  360. 

Liquor,  350,417. 
Reduction,  15,  28,  55,  357. 

Process  for  lead,  358. 
Reducing  agent,  28.  ^ 

Flame,  222. 
Reference  books,  450. 


Refining  petroleum,  208. 
Relative  humidity,  66. 
Respiration,  16,  191. 
Retorts,  coal,  210. 
Reverberatory  furnace,  281,  28a. 
Reversion,  271. 
Rhigolene,  208. 
Rhodium,  392. 
Rhodocroisite,  369. 
Rinmann's  green,  390, 
River  water,  38. 
Rochelle  powder,  290. 
Rock,  crystal,  255. 

Phosphate,  271. 
Rocks,  258. 

Decayed,  265, 

Phosphorus  from,  265. 

Silicates,  255. 
Roll  sulphur,  238. 
Rosaniline,  431. 
Rosendale  cement,  325, 
Rose's  metal,  275. 
Rouge,  384. 
Royal  water,  160. 
Rubidium,  284,  299,  413. 
Ruby,  347. 

Ore,  301. 
Rum,  411. 

Run,  water  gas,  213. 
Rusting  of  iron,  383. 
Rutherford,  63,  64,  446. 
Ruthenium,  392. 

Saccharose,  423. 
Safety  lamp,  221. 
Sal  ammoniac,  151. 
Saleratus,  290. 
Salicylic  acid,  431, 
Sal  soda,  289. 
Salt,  94. 

Acid,  96. 

As  glaze,  352. 

Basic,  96. 

Cake,  288. 

Common,  286. 
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Salt,  continued. 

From  White  Sea,  287^ 

Glauber's,  292. 

Microcosmic,  269. 

Preparation  of  common,  287. 

Springs,  228. 
Saltpeter,  Chili,  231,  292. 

Source,  295. 
Salts,  94. 

Action  on  litmus,  94,  289,  349. 

Ammonium,  150. 

And  ionization,  126. 

Epsom,  333. 

Ethereal,  419. 

Formation,  94. 

General  properties,  88. 

Haloid,  225. 

In  ocean,  38,  287. 

Nomenclature,  95. 

Normal,  96. 

Organic,  419. 

Smelling,  152. 
Sand,  255,  256. 

And  hydrofluoric  acid,  228. 

Blast,  257. 
Sandstone,  256. 
Saponification,  422. 
Sapphire,  347. 
Satin  spar,  326. 
Saturated  compounds,  177. 

Hydrocarbons,  203. 

Point  of  air,  66. 

Solution,  44. 
Scandium,  401. 
Scheele,     16,     18,     64,     133,     265, 

446. 
Scheele's  green,  273. 
Scrubber,  212. 
Seal,  210. 
Sea  water,  salts  in,  287. 

Silver  in,  308. 
Secondary  phosphates,  269. 
Seidlitz  powders,  290,  418. 
Selenite,  326, 
Selenium,  25  2^ 


Series,  homologous,  202. 

Paraffin,  203. 
Serpentine,  331. 
Shell,  in  limestone,  322. 

Rock,  322. 
Shot,  360. 

Sicily,  sulphur  from,  236. 
Siderite,  373,  387. 

Siemens-Martin  process  for  steel,  38a 
Silica,  255. 

And  plants,  257, 

Deposition,  258. 

From  springs,  258. 

Hydrated,  256. 

Soluble,  258. 
Silicates,  257,  258. 
Siliceous  sinter,  258. 
Silicic  acid,  257. 
Silicides,  258. 

Carbon,  117, 
Silicified  wood,  256,  257. 
Silicon,  255. 

Bronze,  305. 

Carbide,  117. 

Tetrafluoride,  228,  257. 
Silicon  dioxide,  255. 

Properties,  256. 

Varieties,  255, 
Silver,  308. 

Acetate,  molecular  weight,  1 70. 

Alloys,  308,  311. 

Amalgam,  309. 
'  Amalgamation  process,  309. 

Bearing  lead,  308. 

Brick,  310, 

Bromide,  312. 

Chloride,  308,  309,  312, 

Coins,  311. 

Compounds,  312. 

Compounds  and  light,  312,  313. 

Determination  of  atomic  weight 
171. 

Distribution,  309. 

German,  306. 

Glance,  308. 
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Silver,  continued. 

Halogens,  solubility,  252. 

History,  308. 

Horn,  133,  308. 

In  sea  water,  308. 

Iodide,  312. 

Metallurgy,  309,  31a 

Name,  308. 

Nitrate,  312. 

Ores,  308. 

Oxidized,  311. 

Plating,  311,312. 

Production,  308. 

Properties,  310. 

Pure,  310. 

Separation  from  gold,  315. 

Specific  heat,  173. 

Sterling,  311. 

Sulphides,  308,  311, 

Tarnishing,  311, 

Test,  312. 

Water,  338. 

World's  supply,  308. 
Silverware,  blackening,  242,  311. 
Simplest  formula,  104,  175. 
Sinter,  siliceous^  258. 
Sirius,  23, 
Sirup,  table,  426. 
Slag,  281,  324,  375. 

Phosphate,  271, 
Slaked  lime,  324. 
Slate,  343. 
Smalt,  390, 
Smelling  salts,  152. 
Smelting,  281.     See  Metallurgy, 
Smithsonite,  334. 
Smokeless  gunpowder,  428. 
Snow  crystals,  35. 
Soap,  420,  422. 

And  hard  water,  327. 

Boiling  process,  423, 

Cold  process,  423. 

Hard,  422. 

Soft,  422. 

White,  422. 


Soap,  continued* 

Yellow,  423, 
Soapstone,  331. 
Soda,  289,  290. 

Ash,  289. 

Baking,  290. 

Cooking,  290. 

Crystals,  289. 

Washing,  289. 

Water,  42,  90,  193. 
Sodium,  284. 

Acetate,  41 7. 

Alum,  349. 

Aluminate,  348,  349. 

Amalgam,  292,  339. 

And  water,  24,  51, 

Arsenate,  273. 

Arsenite,  273. 

Bicarbonate,  195,  289. 

Carbonate,  284,  288,  289, 

Chloride,  286,  287. 

Cyanide,  286,  293. 

Dioxide,  293. 

Discovery,  284. 

Hydroxide,  290,  291,  292, 

Hypochlorite,  139. 

Hyposulphite,  138,  252, 

lodate,  230. 

Iodide,  319. 

Lactate,  418. 

Manganate,  372. 

Manufacture,  284,  285. 

Monoxide,  293. 

Name,  284. 

Nitrate,  292,  293. 

Oxide,  286, 

Peroxide,  286,  293. 

Preservation,  286, 

Properties,  285. 

Silicate,  258. 

Stannate,  357, 

Sulphate,  292. 

Sulphide,  288. 

Sulphite,  243. 

Test,  141,  286. 
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Sodium,  continuetL 

Thiosulphate,  252. 

Tungstate,  369. 

Uses,  286. 
Soft  coal,  185,  189. 

Water,  37,  327. 
Solder,  356,  360. 
Soldering,  263. 
Solid  carbon  dioxide,  1 93. 
Solids,  solution,  43. 

Table,  44. 
Soluble  glass,  257. 

Silica,  258. 

Sulphate,  test,  251. 
Solute,  41. 
Solution,  41,  124. 

And  chemical  action,  47. 

And  electrolysis,  124. 

Boiling  point,  1 29. 

Freezing  point,  129. 

Gases,  41. 

Labarraque's,  139. 

Liquids,  43. 

Nature,  48. 

Saturated,  44. 

Solids,  43, 

Supersaturated,  45. 

Terms,  41. 

Thermal  phenomena,  47. 
Solvay  process  for  sodium  carbonate, 

289. 
Solvent,  41. 

Universal,  43. 
Souring,  138. 

Sour  milk  in  cooking,  418. 
Specific  gravity  of  metals,  279. 
Specific  heat,  172. 

Law,  172. 

Table,  173. 
Spectra,  402. 

Nebulse,  404. 

Stars,  404. 
Spectroscope,  23,  402. 

Discovery  by,  284,  404. 
Spectnmi,  401. 


Spectrum,  continued. 

Absorption,  403. 

Analysis,  401,  403. 

Banded,  402. 

Bright  line,  402. 

Dark  line,  402. 

Sunlight,  403. 
Speculum  metal,  306* 
Spelter,  335. 
Sperrylite,  392. 
Sphalerite,  334. 
Spiegel  iron,  369,  378. 
Spinel,  ruby,  347. 
Spinels,  347. 
Spirit  of  salt,  140. 
Spirits,  hartshorn,  147, 
Spongy  platinum,  392,  393. 
Springs,  mineral,  37,  42. 
Stable  refuse,  271. 
Stack,  210. 
Stahl,  16,  446. 
Stalactite,  321. 
Stalagmite,  321. 
Stamp,  mill,  280. 
Standard  conditions,  19. 

Wax  candle,  216. 
Stannic  chloride,  357} 

Oxide,  356. 
Stannous  chloride,  356. 
Stannum^  354. 
Starch,  426,  427. 

And  potassium  salts,  298. 

Test,  232,  427, 
Stas,  171,  398,  446. 
Stassfurt  deposits,  133,  228,  261,  293, 

331. 
Steam,  36. 

Stearic  acid,  417. 

Stearin,  420. 

Candles,  422. 
Steel,  and  coke,  190. 

Bessemer,  381. 

Qirome,  366, 

Crucible,  381, 

Harveyized,  380, 
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Steel,  and  cxkjt^caniimuedm 

Manufactore,  580. 

Nickel,  389. 

Open  hearth,  583. 

Properties,  380. 

Tempering,  38a 

Uses,  383. 
Sterling  silver,  311. 
Stibine,  274. 
Stibium,  274. 
Stibnlte,  274. 
StUl,  40,  379. 
Stone,  artificial,  25S. 

Ice,  35a 
Stoneware,  352. 
Stove  polish,  183. 
Strass,  260. 
Stream  tin,  356. 

Striking  back,  Bunsen  flame,  220. 
Strontia,  328. 
Strontium,  328. 

Carbonate,  328* 

Hydroxide,  328. 

Nitrate,  328. 

Oxide,  328. 

Sulphate,  328. 

Sulphide,  329, 

Test,  329. 
Structural  formulas,  178. 
Stucco,  327, 
Sublimate,  151. 

Corrosive,  340. 
Sublimation,  151,440. 
Subnitrate  of  bismuth^  276. 
Substitution,  3,  203, 

Products,  203. 
Sucrose,  423. 
Suffix,  -ate,  95. 

-ic,  91,  144. 

-ide,  95. 

•ite,  95. 

•ous,  91,  144. 
Sugar,  423. 

Barley,  424. 
Boet^  434. 


Sugar,  continueeL 

Brown,  424. 

Cane,  423,  424. 

Fermentation,  410k 

Fruit,  425. 

Granulated,  425. 

Grape,  425,  426. 

Kinds,  423. 

Of  lead,  363. 

Of  milk,  425. 

Raw,  424. 

Refining,  425. 

Term,  423. 

Test,  426. 

White,  424. 
Suint,  293. 

Potassium  carbonate  firon^  agg 
Sulphates,  235,  251. 

Acid,  251. 

Important,  251. 

Normal,  251. 

Test,  141,  251. 
Sulphides,  238,  241. 

Color,  242. 

Native,  235. 

Solubility,  242. 
Sulphites,  245. 

Acid  calcium,  245. 

Acid  sodium,  245.  , 

Sodium,  243. 

Sulphur  dioxide  from,  243. 
Sulphur,  235. 

Action  with  heat,  238. 

Allotropic  modifications,  239^ 

Amorphous,  239,  240. 

And  metals,  238. 

And  silver,  311, 

Burning,  245. 

Compounds,  240. 

Crystallized,  239. 

Dioxide,  242,  244,  245* 

Extraction,  236. 

Flowers,  238. 

\Y^XTcva.t\on,  235, 
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Sulphur,  cotUinued, 

Free,  235. 

In  human  body,  236. 

In  United  States,  236. 

In  volcanic  districts,  235* 

Kiln,  236. 

Milk  of,  240. 

Monoclinic,  239. 

Native,  235. 

Orthorhombic,  239. 

Properties,  238. 

Purification,  237. 

Roll,  238. 

Source,  236. 

Springs,  37,  235. 

Trioxide,  245,  246. 

Use,  240,  252. 

Vapor  density,  238. 

Water,  37. 
Sulphuretted  hydrogen,  240. 
Sulphuric  acid,  246. 

And  organic  matter,  250. 

And  water,  250. 

Chemical  changes  in  making,  248. 

Concentration,  249. 

From  pyrites,  386, 

Fuming,  251, 

Impurities,  363. 

Manufacture,  246,  248,  249. 

Nordhausen,  252. 

Plant,  247-248. 

Properties,  250. 

Reduction,  250. 

Test,  251. 

Uses,  251. 
Sulphuric  ether,  414. 
Sulphurous  acid,  244,  245. 

Anhydride,  245. 
Sulphocyanic  acid,  198. 
Sun,  elements  in,  23,  404. 
Sunlight  and  carbon  dioxide,  194. 

Chemical  action.  Ill, 

Nitric  acid,  156. 
Superheater,  213. 
Superphosphate  of  lime,  2JU . 


Supersaturated  solution,  45. 
Supporter  of  combustion,  15. 
Sylvite,  294. 
Symbols,  81. 
.  And  atomic  weights,  loj. 

Chemical,  8. 

Latin,  8. 

Table,  448,  449. 
Synthesis,  3,  50. 

Table  salt,  287. 

Tables,  atomic  weights,  448,  449. 

Borax  bead  colors,  262. 

Composition  of  coal,  186. 

Composition  of  ocean  water,  38. 

Equivalents,  100. 

Famous  chemists,  447. 

Important  elements,  6. 

Ionization,  127. 

Latin  symbols,  8. 

Metric  equivalents,  438. 

Metric  system,  437. 

Metric  transformations,  438. 
Multiple  proportions,  78,  79. 

Periodic,  399. 

Solubility  of  carbon  dioxide,  42. 

Solubility  of  solids,  44. 

Specific  heats,  173. 

Uncommon  elements,  7* 

Water  in  food,  32. 
Talc,  331. 
Tallow,  421. 
Tannic  acid,  432. 
Tannin,  432, 
Tanning,  433. 
Tar,  213. 

Extractor,  212. 

Well,  210. 
Tartar,  crude,  418. 

Emetic,  274,  419, 
Tartaric  acid,  418. 
Tea,  433. 
Tellurides,  314. 
Tellurium,  252. 
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Temperature  and  luminosity,  218. 

Kindling,  113,  218. 

Low,  204. 

Standard,  19. 
Tempering,  380. 
Temporary  hardness,  327, 
Tension  of  water  vapor,  36. 
Terms,  electrochemical,  I20u 
Terra  cotta,  352. 
Tests,  acetic  acid,  419. 

Alcohol,  419. 

Aluminium,  347. 

Antimony,  275. 

Arsenic,  273. 

Barium,  329. 

Bismuth,  276. 

Borax  bead,  262. 

Boron,  261. 

Cadmium,  337. 

Calcium,  328. 

Carbon,  189. 

Carbon  dioxide,  192,  325. 

Chloride,  144. 

Chromium,  367,  368. 

Cobalt,  390. 

Copper,  304. 

Gold,  317. 

Hydrochloric  acid,  144. 

Hydrogen  sulphide,  242. 

Ions,  129. 

Iron,  388. 

Lead,  363. 

Lithium,  298. 

Manganese,  372. 

Marsh's,  for  arsenic,  273. 

Nickel,  3S9. 

Nitrates,  159. 

Nitric  acid,  159. 

Potassium.  294. 

Silver,  312. 

Soiliuni,  2S6. 

Starch,  427. 

Strontium.  329. 

Sugar,  420. 

Sulphate,  insoluble,  251. 


Tests,  continued. 

Sulphate,  soluble,  251* 

Sulphuric  acid,  251. 

Zinc,  337. 
Tetrads,  176. 
Tetragonal  crystals,  441* 
Theine,  433. 
Theory,  75. 

Atomic,  79. 

Electrolysis,  125. 

Electrolytic  dissociation,  89^  124. 
Thermal  equation,  112. 
Thermit,  346. 

Thiosulphate,  sodium,  252. 
Thomas-Gilchrist  process^  5^2. 
Thorium,  222,  372. 
"Hies,  352, 
Tin,  354, 

Alloys,  356. 

Amalgam,  339,  356>, 

Block,  355. 

Crystals,  356. 

Dioxide,  354,  3561 

Foil.  356. 

Histor)-,  354. 

Interaction  with  metals,  35c. 

Metallurgy,  354. 

Ore,  354. 

Oxy muriate^  357. 

Plate,  355. 

Production,  354,  356, 

Properties,  355. 

Purification,  355, 

Stone,  354. 

Stream,  356. 

Uses,  355. 
Tinkel,  261, 
Tinware,  355. 
Tobacco,  433. 
Toluene,  202,  430. 
Toluidine,  431. 
Toning,  in  photography,  313. 
Topaz,  347. 
Travertine,  322. 
Triacid  base,  94. 
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Triads,  176. 
Tribasic  acid,  92. 
Triclinic  crystals,  442. 
Trivalent  elements,  176. 
Tungsten,  369, 
Turnbull's  blue,  388. 
Turquoise,  347. 
Tuscany,  boric  acid  from,  261. 
Tuyeres,  376. 
Type  metal,  360, 
Water,  89. 

Univalent  elements,  176. 
Unsaturated  compounds,  177. 

Hydrocarbons,  204,  206. 
Uranium,  369,  372. 

Salts,  369. 

Specific  heat,  173. 
Urea,  405. 

Valence,  176.    '' 

Classification  by,  397. 

Representation,  407. 
Valentine,  Basil,  246. 
Van  Helmont,  196,  446. 
Van't  Hoff,  446. 
Vapor  density,  169. 

Aftd  molecular  weight,  168. 

Iodine,  232. 

Mercury,  339. 

Sulphur,  238. 

Zinc,  336. 
Vapor  pressure,  36,  48. 
Varec,  231. 
Vaseline,  209. 

Vegetable  matter  and  coal,  1 84-185. 
Vein  mining,  315. 
Venetian  red,  384. 
Verdigris,  417. 
Vermilion,  340. 
Vinegar,  90. 

Preparation,  415. 

Quick  process,  416. 

Wood,  415. 
Vital  force,  405. 


Vitriol,  blue,  307. 

Green,  385. 

Oil  of,  92,  246. 

White,  337. 
Volatile  alkali,  93,  149. 
Volta,  119. 
Voltaic  cell,  119, 
Volume  equation,  175. 
Volumetric,  53. 

Composition  of  air,  64. 

Composition  of  water,  S3,  55,  57. 

Washing  soda,  289. 

Washington  monument,  cap,  345. 

Water,  31. 

Analysis,  39, 

And  chlorine,  51, 

And  hydrogen,  50, 

And  oxygen,  51. 

And  sodium,  24,  51, 

As  solvent,  32,  ^^, 

Baryta,  329. 

Boiling  point,  36,  439. 

Chalybeate,  37,  387. 

Chlorine,  135. 

Composition,  25,  27, 

Density,  34. 

Distilled,  40. 

Drinking,  39. 

Electrolysis,  52,  128. 

Expansion,  34. 

Freezing,  34,  439. 

From  burning  hydrogen,  27, 

Function  in  nature,  32. 

Gas,  25,  196,  213,  214,  215. 

Glass,  258. 

Gravimetric  composition,  55,  57. 

Hard,  37,  327. 

Hardness,  327. 

Hydrogen  sulphide,  241. 

Industrial  application,  33. 

In  food,  31,  32. 

In  human  body,  32. 

In  liquid  state,  31. 

In  vegetables,  31,  32. 
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Water,  continued, 

Javelle's,  139. 

Lithia,  298. 

Mineral,  37. 

Natural,  37. 

Occurrence  in  nature,  31. 

Ocean,  38. 

Of  crystallization,  45,  46. 

Physical  properties  of  pure,  33. 

Purification,  39,  371. 

Quantitative  composition,  53. 

Rain,  37. 

River,  38. 

Silver,  338. 

Soda,  42. 

Soft,  37,  327. 

Type,  89. 

Underground,  37. 

Volumetric  composition,  53, 55, 57. 
Water  vapor,  31,  36. 

Qjndensed,  31,  36. 

In  atmosphere,  62,  66. 
Watt,  55. 

Wax,  paraffin,  209. 
Welding  iron,  379. 
Weldon,  mud,  370, 

Process,  134,  370. 
Welsbach  light,  222. 
W^et  process,  47;  282. 
Whetstone,  256. 
Whisky,  411. 
White  arsenic,  272. 

Cast  iron,  378, 

Lead,  361. 

Magnesia,  370. 

Metal,  306. 

Paint,  242,  336,  362. 

Vitriol,  337. 
Whitewash,  326. 
Whiting,  323. 
Willemite,  334. 
Willson,  116. 
Winds,  62. 
Wine,  III,  297. 
Witherite,  329. 


Wohler,  343,  405,  446. 
Wood  alcohol,  409. 

Ashes,  297. 

Charcoal,  187. 

Petrified,  256,  257,  258. 

Preserving,  337. 

Silicified,  256,  257.  » 

Spirit,  409. 

Vinegar,  415. 
Wood*s  metal,  275,  337, 
Worm,  condenser,  40, 
Wrought  iron,  378. 

Xenon,  69,  404. 

Yeast,  410. 

In  bread-making,  427. 
Yellow  paint,  367. 

Zinc,  334. 

Alloys,  306,  336. 

Blende,  334. 

Carbonate,  334, 

Chloride,  106,  337. 

Deposits,  334. 

Determination  of  atomic  weight 

Dust,  335,  336. 

Hydroxide,  337. 

Metallurgy,  334, 

Ores,  334. 

Oxide,  334,  335,  336,  362. 

Production,  334. 

Properties,  335. 

Silicate,  334. 

Smelting,  334. 

Sulphate,  336. 

Sulphide,  334,  336. 

Test,  337. 

Uses,  336. 

Vapor  density,  336, 

White,  336. 
Zincates,  335,  337. 
Zincite,  334. 


